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Standard Milton Roy motor-driven 
controlled volume pump. 


e Wear on all moving parts minimized by dy 
tolerance machining of cross-head, pump trons | EDI 
and liquid end parts. e Excessive packing wer 
avoided by large length-to-diameter ratio ¢ 
cross-head which fully supports plunger. © Loy 
service life under shock and oscillating loo 
assured by generously-sized reducer and m@ 
necting rod bearings. 


Dependability for | 


metering process additives 





— Roy dependability means long service life 
your controlled volume pump. . . minimum mainte | 
Exclusive Milton Roy nance .. . lower operating cost. | 
STEP-VALVE LIQUID END Here’s why. Designed-in dependability is the result of | 
treme care in the sizing of motor horsepower, reduce | 
torque and overhung load capacity. Reducer, motor ami; 
pump mounting pads on a rigid, webbed base are precisi@t 
machined to assure perfect alignment of the entire assemblj | py 
. and of all moving parts. 


Specify Milton Roy ... your guarantee of dependability 
in controlled volume pumps and complete chemical fe 
systems. A practical solution to your metering problem wil 
be found in one of the following bulletins. Write for you | 
copy today. 





= 
Double ball checks, sloping Bulletin 455 ‘‘Controlled Volume Pumps in Paper Making 
passages and absence of air Bulletin 953 ‘Controlled Volume Pumps in Industn# 
pockets assure highest pos- 
sible volumetric efficiency. ; 
Should a solid particle lodge Bulletin 1253 ‘‘Controlled Volume Pumps in Process In- 
under one suction ball, for strumentation.”’ 
example, second suction ball 
will seat on discharge stroke, 
thereby preventing fluid from 
being pumped into suction 
piping. 


” 


Water Treating. 


Milton Roy Company, Manufacturing Engineers, 1300 East 
Mermaid Lane, Philadelphia 18, Pa. 


Engineering Representatives in the United States, Canada, Mexico, Europe, Asia, South America and Africa. 


CHEMICAL FEED SYSTEMS 
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for flight-test data processing | 


CEC offers... 
Th wa ANS 
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It’s time somebody said it: magnetic-tape equipment by it- 
self is not the whole answer! That’s why Consolidated 
Electrodynamics . . . while it offers the most advanced and 
complete line of magnetic-tape flight-test instrumentation . . . 
is stressing this policy: 


“We're selling Data Processing, 
not components alone.” 


Since a single test flight of today’s intercontinental bomber 
involves about 142 million data points, quick and complete 
solutions to the enormous problems of data processing are 
imperative. Faster and more accurate data processing reduces 
design time and means better planes. in the air. . . sooner. 

Consolidated Electrodynamics, following its policy of 
selling the “Total Answer” to your problems, offers equip- 
ment literally covering the span from phenomena to digits. 
Whether your requirements can be satisfied by standard units 
or your test objectives demand development of special equip- 
ment, CEC will work in any of three general brackets... 











Ist... STANDARD COMPONENTS of the comprehenie 
CEC DataTape line, all designed specifically for flight-test wot 
Shown on the opposite page, the DataTape line includes reconden 
and record amplifiers, as well as supporting units such as sign 
modulators and coders, range-time generators, automatic ab 
brators, and complete ground-playback and demodulating equ 
ment. (Standard equipment of other manufacturers can alsok 
supplied when needed to complete 2 data-processing system.) 


2nd... SEMI-STANDARDIZED SYSTEMS (design 
by CEC’s Systems Division) of magnetic-tape data-processit 
systems, each designed to solve a specific set of test problems bi 
easily modified to cover unique problems arising from new vehice 
designs, new parameters, new test objectives. 


3rd... RESEARCH AND DEVELOPMENT ( through 
Consolidated’s new Advanced Electronics DataLaboratory) fot 
those cases where present equipment of CEC’s own manufactur 
or that of other companies will not adequately accomplish tk 
test mission or the type of data processing necessary. 
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Approaching A Common Problem 


The greatest single obstacle facing the progress of instrumentation and automatic 
control is the necessity of communicating advances and techniques to those who need 
them in a manner in which they can be assimilated. It applies equally to mechanics, 
top management, engineers and educators. 


Let us not be fooled by the bright lights of automation on the industrial horizon. In 
our efforts to enjoy the fruits of today’s instrumentation, many of us overlook the fact 
that most industrial measurement and control is still an art—not a science. Because 
industry cannot afford to delay the benefits of this technology, it must recognize this 
problem and act to accelerate the necessary transition to a scientific endeavor. It is 
not simple, fast or easy. For those who think it is there can only be more misunder- 
standing and confusion. 


Not to discount the growing few organizations who employ scientific methods in de- 
sign and application of instruments, the great majority of measuring and controlling 
equipment is applied without such — usually the cut-and-try method with experience 
as the criteria. During the last 10 years the general values of instrumentation have 
become more widely known and the demand for equipment greatly increased, result- 
ing in more widespread mediocre knowledge of the field. The few instrument manu- 
facturers and users who engage in dynamic studies, mathematical approaches and 
systems engineering are encouraging stimulation, but this only scratches the surface. 


The basic mathematical and physical concepts necessary to search for fundamental 
phenomena, to extend our knowledge for potential uses of instrumentation, to design 
new equipment and plants, and to communicate information have been known for 
almost 50 years. From development of practical equipment by electrical engineers, 
physicists, and mathematicians during World War II, it is known that measuring, 
computing and control techniques must be based on dynamics. Instrumentation and 
automatic control has no alternative but to be dynamically oriented if both our manu- 
facturing and using industries expect to realize the many advantages that this new 
technology offers within close reach. 


Research, development, investigation and unification of information must take place 
on the framework of known basic sciences. Common language, definitions, termi- 
nology, and elementary standards must be developed and coordinated. Through co- 
operative efforts of engineering, professional, scientific and technical organizations 
this information must be communicated. 


ISA is now on the way to make its contribution in this field — as a national technical 
and professional Society devoted exclusively to the field of instrumentation, automatic 
control and automation. Beginning on page 140 is the first report of the ISA Educa- 
tion Foundation Development Commission organized to move forward on this common 
problem. 
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rect Analoay Electr Analoa Computer 


The Direct Analogy 
ectric Analog Computer 


THE TERM ANALOG COMPUTER has been applied 
broadly to a large class of computers designed to simulate 
a mathematical problem directly through an actual physi- 
cal system whose performance is measured to provide the 
desired solutions. The slide rule is perhaps the oldest and 
simplest example. The first large scale analog computers 
to be developed and used extensively were the DC- and 
AC-Network Analyzers in the early 1920's. They simulated 
in miniature large electrical power systems. The mechani- 
cal differential analyzer was the next significant develop- 


ment. This became a practical computer by about 1940 
through the work of Bush and Hazen at MIT. 

The next important analog computer development was 
the transients analyzer’ developed in the early 1940's 


which extended the passive circuit techniques of the net- 
work analyzers to mechanical vibration problems. Toward 
the end of World War II the electronic differential analyzer 
became a possible successor to the mechanical differential 
analyzer with the development of better stabilized DC 
amplifiers. In addition, a host of special purpose computers 
or simulators have been developed, including thermal 
analyzers, liquid tanks or “salt trays,” network analyzers 
for special purposes, etc. 

However, during the past decade two classes of general 
purpose electric analog computers have been developed on a 
rather extensive basis. These are the electronic differential 
analyzer and the direct analogy electric analog computer. 
The first of these mentioned above is characterized by the 
use of feedback circuits to perform such functions as addi- 
tion, multiplication by a constant, and integration. Poten- 
tials at the output terminals of the amplifiers represent the 
dependent variables and their derivatives. The second type 
of computer is distinguished from electronic differential 


references 


by Gilbert D. McCann 


Professor, Electrical Engineering 
California Institute of Technology 


Pasadena, California 


analyzers by the fact that passive circuit elements cor 
sisting of decade resistors, capacitors, inductors and mult 
winding, multi-tap transformers are employed in dire 
analogy circuits, as well as amplifiers and other electronit 
devices. 

When a direct one to one physical analogy can be devel 
oped between electric circuit theory and the physical sy 
tem to be analyzed, the passive electrical elements are used 
to represent analogous passive elements of the physical 
system to be studied. Under these conditions both currents 
and voltages in the computer take on physical significance. 
In other cases where amplifiers are used passive elemetls 
simulate transfer functions so as to reduce the number 
electronic amplifiers that would be required if purely ele 
tronic differential analyzer methods were used. This typ 
of computer, therefore, represents the extension of network 
and transient analyzer techniques’ and their combinatid 
with many of the feedback amplifier principles of the differ 
ential analyzer. 

The direct analogy analog computer method of analys# 
has been developed most extensively at the California In 
stitute of Technology, and by Computer Engineering Ass 
ciates in Pasadena. The reason for the initial rathe 
limited interest in this type of computer is twofold: 

1. It appears, on the first analysis, that inherent impe 
fections in the basic passive computer elements limit the 
technique to relatively where accuracy 
is not important. 


simple problems, 
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No general methods appeared to exist for the realiza- 


”» 
a of suitable electric circuit analogies for general classes 


tion . 
complex problems. ! | 
* pxtensive efforts have been devoted at the California 


Institute of Technology and Computer Engineering Asso- 
ciates, Inc. of Pasadena during the past few years to the 
solution to these two problems. General circuit synthesis 
techniques now exist. Those pertaining to solid mechanics 
and aerodynamics will be briefly outlined in this paper. 
Design specifications for passive computer elements, which 
are dependent upon the character and complexity of the 
analogous circuits to be set up, have also been determined 
toa large degree. Lastly, through an extensive instrumen- 
tation program, satisfactory computer elements have re- 
cently been developed to permit the accurate solution of 
quite complex problems by such techniques. 

This type of computer has found important applications 
in the design analysis of airframes. Quite general methods 
are now available for synthesizing suitable electric analo- 
gies for elastic structures. These may be described either 
in terms of actual structural parameters or in terms of such 
physical measurements as static influence coefficient or 
normal mode tests. Analogies for tests on separate ele- 
ments described in terms of both free and restrained coordi- 
nates permit the building up of composite systems, individ- 
ual parts of which may be described in any of the con- 
yentional methods given above. This has led to compre- 
hensive design analysis techniques for both static stress 
and dynamic vibration considerations. 

Suitable methods have also been developed for synthesiz- 
ing analogies for aerodynamic forces. Both incompressible 
and compressible aerodynamics have been treated together 
with two and three dimensional flow and applied extensive- 
ly to flutter and gust analyses of aircraft. 

A computer design has evolved from these developments, 
several of which have now been built to serve the needs of 
the aircraft industry and others. It is the purpose of this 
series of papers to briefly describe the characteristics of 
this type of computer, present the basic techniques of gen- 
eral circuit synthesis being employed in its application, and 
list some of the more important examples of its use. 


General Description of the Computer 

The fundamental computer elements and electro-mechani- 
cal analogies which illustrate the passive analogy princi- 
ple are shown in Tables I and II, (Pages 114 and 115). 

The first computer of this type developed for the aircraft 
industry’s problems was built at the California Institute of 
Technology.”” It is shown in Fig. 1. During the past two 
years extensive instrumentation developments have _ re- 
sulted in the production of several new commercial 
versions by Computer Engineering Associates. Typical of 
these is the one installed in their engineering service 


Fig. 2. General Pur 
pose Direct Analogy 
Computer at Computer 
Engineering Associates 
ervice Center, Pasa 
dena. 





This is the first in a series of three 
articles by Professor McCann on the 
development and application of the 


analog principle. 


used as examples. 





direct analog computer method of analysis. 
This initial story describes the fundamental 
computer elements and the electro-mechan- 
ical analogies which illustrate the passive 
Computers at California 
Institute of Technology and at the Computer 
Engineering Associates Service Center are 








center and illustrated in Fig. 2. The basic elements of 
such a computer are the following: three decade inductors 
(.001 to 1.0 henry or .01 to 10.0 henry); three decade 
capacitors (.001 to 1.0 microfarads or .01 to 10.0 micro- 
farads); four decade resistors ranging from 1 to 10,000 
ohms up to 1000 ohms to 1 megohm; multi-winding trans- 
formers, functional amplifiers; current generators: various 
types of function generators and non-linear devices;’ syn- 
chronous switches for controlling boundary conditions and 
forcing functions; and a suitable metering and recording 
system. In addition to the basic passive elements listed 
above for synthesizing the direct electrical analogies addi- 
tional passive circuit elements are used directly in the 
amplifier circuit for feedback circuits and transfer function 
synthesis as will be described later. It is of interest to list 
the number of basic computer elements comprising such an 
installation as this is indicative of the present requirements 
for general airframe design analysis. This information is 
contained in Tabie III for the Caltech and U.b.a. con 
puters, (page 116). 

The C.E.A. computer is actually divided into two main 
sections, each comprising one leg of an “L” as illustrated 
in Figure 2. The left hand leg shown in Figure 2 contains 
transformers, resistors, and current generators, and is 
designed specifically for static stress analysis. In this 
connection, resistors are used to represent individual struc- 
tural compliance elements under static conditions and the 
transformers simulate the kinematics.” A fixed frequency 
is used, and forces or moments are inserted as fixed 
frequency currents by means of the current generators. 
The other leg of the computer contains inductors, capaci- 
tors, resistors, and amplifiers. It can be used either sep- 


arately or in conjunction with the first leg as a general 
purpose facility. 


(Text continued on page 116) 
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Fig. 3. 


patchable Plugboards. Fig. 4. 
Bay Showing Amplifier Power Supplies. 


construction 
features of these two sections are illustrated by Figures 3 


Prepatchable Plugboards. The’ general 
and 4. Figure 3 shows the front control panels of the basic 
elements trays. From this it will be seen that demountable 
and prepatchable main plugboards are used for connecting 
up the elements of each main bay of the computer and for 
interconnecting between bays. Smaller prepatchable boards 
of the same basic design are used for the 56 terminals of 
each transformer. As shown in Figure 3 a single bay or 
unit of the general purpose section of the computer consists 
of a center section which can house up to 12 amplifiers (or 
a total of four non-linear functions generators or multi- 
pliers) together with one bay of transformers and two out- 
side cabinets which can house 10 trays of passive circuit 
elements. Figure 4 shows the back of one of these bays. 
A door behind the amplifier section houses all power sup- 
plies used by any of the electronic equipment. 


Performance Specifications 


Extensive work has been devoted during the past two 
years to the general requirements of a computer suitable 
for the complex problems of aircraft design analysis. 
These will be treated only briefly here with emphasis on the 
more important considerations. 

Frequency Range. The computers are designed for opera- 
tion from d-c to an upper limit of about 3 ke. Compre- 
hensive dynamic problems may require the representation 
of as many as 100 degrees of freedom. However, in such 
cases mode frequencies will be closely spaced and a range 
of 100 to 1 in frequency is a practical upper limit. This 
low frequency range was chosen to permit the generation 


Fig. 5. Computer Transformer Using Spiral Wound Supermalloy and 
Hermeticaily Sealed for Minimum Dielectric Loss. 





(Left) View of Computer Engineering Associates Computer 
Showing Arrangement of Passive Elements Trays, Amplifiers and Pre- 
(Right) Rear View of Main Computer 














of complex forcing functions and boundary or switchiy 
conditions.?:"" 

Inductors. These are a critical element of such a om 
puter in that it is desirable to have a high “Q” overs 
much of the working frequency as possible together wi 
negligible shunt capacitance effects and a constant indy 
ance. Several designs have been developed using both Pe 
maloy dust cores and Ferrite. It is now feasible to @ 
struct inductors with a “Q” above 100 and only one 
cent inductance variation at frequencies from 25 to #@ 
eps. Such inductors, however, are not used for all decals 
“Q’’s of 100 only above 100 cps are adequate for the lowe 
decades where parasitic series resistance will effective 
reduce the “Q” regardless of the quality of the inductor. 

Transformers. It is required that the transformers} 
used in a variety of ways as indicated later in the dis 
sion on general methods of analogy synthesis. In m 
they are used to represent the kinematics of structures 
for changing coordinates. Fine turns ratio and tap 
control are required and frequently they are used as 
winding transformers. They are constructed with 
main identical sets of windings. Some of these are 
cent of the sum of each set; others two or one per 
All terminals are brought to the prepatchable pl 
shown in Figure 3. The electrical parameters of the 
formers are very critical if the transformers are to be 
in any but a very small computer. Leakage ind 
leakage resistance, shunt and winding to winding 
tance must be kept to a minimum consistent with 
large values of magnetizing inductance and res 
Such performance characteristics can now be obtained 
suitable spiral wound supermalloy cores, the cons 
features of which are shown in Figure 5. 

Amplifiers. The computer amplifiers are illust 
Figure 6. These are individually chopper-stabilized: 
shown they have two output terminals; one for a unit 


























TABLE Ill — List of Basic Computer Elements in 
Caltech and C. E. A. Computers 





Type of Element 


| C. E. A. Computer | C. |. T. Com 
Inductors 100 | 
Capacitors 80 
Resistors 268 | 
Transformers 148 
Current Generators 48 
Amplifiers 36 

















volt 























TABLE IV —Critical Performance Characteristics of Amplifiers 
ability of either output less than 100 uv. per hour referred to 
t grid with gain of 100 

iform to 50 kc and down not 

cy response for either output uni 
Frequere than 3 db at 70 kc. 
Total noise at outputs (for gain of 100) less than 10 mv for bandwidth 
oO 


Drift st 
inpu 


# 100 kc and one megohm input impedance. 


Output impedances for gain of 100 less than 2 ohms. 











a gain of —20,000, the other with an additional unstabilized 
stage having an open loop gain of —1,000 degenerated to 
minus one. All local feedback and transfer function cir- 
cuits (which can be connected to the input, output and B- 
terminals of both stages) are constructed as plug-in units 
illustrated in Figure 6. Thus, the amplifier is used as a 
summer, integrator, current generator, etc., by the use of 
the proper plug-in unit. Separate isolated power supplies 
are provided for one out of every three amplifiers. The 
critical performance characteristics of the amplifiers are 
listed in Table IV. 

Metering Circuits. These must not introduce significant 
series or shunt parasitic impedances. Two general tech- 
niques hay be used to keep such effects at a minimum. In 
one the metering bus leads are run directly from the com- 
puter element cabinets to the control desk with large con- 
ductors for low series impedance. Current metering shunts 
are located at the control desk and lead capacitance effects 
are driven out by driving a guard ring shield surrounding 
all required elements of the metering busses and the meter- 
ing circuit. In the other scheme current shunts and both 
current and potential step down transformers are located at 
each bay of computer elements. Shielded leads are then 
run from these transformers to step up transformers at the 
control desk. For the impedance bases used in these com- 
puters series parasitics must be kept to the order of one or 
twoohms. Total parasitic shunt capacitance must be kept 
below a few thousand micro-microfarads, and shunt re- 
sistances above 1,000 megohms. 

Recording Equipment. Standard vacuum tube voltmeter 
techniques and digital or printing read devices are used 
for recording steady state phenomena. A suitable digital 
voltmeter has been developed which can read to three 
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In addition to the computer described above, two others 
have been developed for more specialized applications. One 
of these illustrated in Figures 7 and 8 is an electric motor 
network analyzer for simulating the equivalent circuits of 
electric motors. 
thermal analyzer. In this computer some 200 resistors and 
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Through the use of new low leakage dielectric materials 
very high time constants can be obtained permitting prac- 
tical slow speed switching circuits for representing moving 
heat exchangers, and such non-linearities as change of state, 
radiation and non-linear conductivity. This computer is 
being used extensively for aircraft anti-icing or de-icing 
problems and certain air conditioning problems. 
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A New Circutt 





for Amplitude Comparison’ 


ONE OF THE FUNDAMENTAL OPERATIONS to be per- 
formed with electronic circuits is that of amplitude com- 
parison. Amplitude comparison is the determination of 
equality between two voltages, rather than the selection 
of a waveform that is above or below a given amplitude, as 
in amplitude selection. The amplitude comparator does 
not result in the faithful reproduction of a portion of a 
wave form, but rather produces an output pulse at the 
moment of equality of two voltages. 

The operation of any amplitude comparator depends upon 
the characteristics of some non-linear device. First, let us 
consider an amplitude comparator using an ideal diode, as 
shown in Figure 1. The diode is simply a switch. When 
the input voltage is negative, the output is zero; when the 
input voltage is positive, the output is K times the input 
until the amplifier reaches saturation. A change in the 
amplifier gain can change only the slope of the input-output 
relation. The discontinuity of slope is determined com- 
pletely by the ideal diode. If the output is differentiated, 
a voltage step will be obtained at the moment the input 
crosses zero volts. Only the magnitude of the step will 
depend on the amplifier gain and the rate of change of the 
input voltage. 


"Reprinted by permission of the "General Radio Experimenter,"’ Novem- 
ber 1955 issue, Vol. 30, No. 6. 


by M. C. Holtje 


General Radio Company 
Cambridge, Massachusetts 


Figure 2 shows what happens when a more practical 
diode is used. There is no discontinuity of slope. The 
amplifier gain changes not only the slope of the input- 
output characteristics, but also the point at which the curve 
appears to depart from zero. If this output is differentiated, 
a pulse will be obtained. Both the magnitude and position 
of the output pulse, however, depend upon amplifier gain. 
Thus, the accuracy of an amplitude comparator based on a 
practical diode depends not only upon the stability of the 
diode characteristic, but also upon the ability of the cir- 
cuitry to determine some point on the non-linear charac- 
teristic. 

There are two basic classes of amplitude comparators. 
First, are those that use linear amplification and pulse 
shaping. This group is subject to the difficulties shown in 
Figure 2. They are all “slope sensitive,” that is, the time 
at which the output waveform reaches a given voltage 
level depends upon the frequency or slope of the input volt- 
age. The amount of gain in the amplitude comparator de- 
termines the minimum frequency at which operation is pos- 
sible. Obviously, these circuits are useless as d-c compara- 
tors. 

The second group consists of those that use a regenerative 
amplifier around a non-linear device. In this group, the out- 
put pulse is initiated when the input voltage reaches some 
predetermined d-c level. The pulse rise time is determined 
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by the bandwidth of the regenerative amplifier. In many 
of these circuits, the regenerative amplifier and non-linear 
device are combined into one triode. The familiar blocking 
oscillator shown in Figure 3 is a typical example. The 
transformer in the plate circuit provides the positive feed- 
back path. If the input is sufficiently negative, the tube 
is cut off. As the input voltage rises, a point is reached 
where the tube starts to conduct, and at this point a re- 
generative action starts, providing a sharp negative pulse 
at the plate with a slope independent of the input waveform. 
The amplitude comparison depends not only on the stability 
of the triode characteristics but also on the applied plate 
and heater voltages, since these seriously affect the cut-off 
voltage. 

Another example shown in Figure 4 is a monostable mul- 
tivibrator, often called the “long-tailed pair.’”’ V. is normal- 
ly off, and V, is on, acting as a cathode follower since the 
cathode resistor is large. As the input voltage and, there- 
fore, the cathode of V, go negative, a point is reached, 
determined by the reference voltage on the grid of V., where 
V, starts to conduct. This completes a positive feedback 
path from the plate of V, back to the cathode of V,, and a 
regenerative action starts, producing a sharp negative pulse 
across the inductor in the plate of V.. The accuracy of this 
circuit also depends upon the stability of the tube charac- 
teristics and upon the applied voltages, although drift from 
heater voltage changes tends to cancel to some degree. 


















OuTPUT 
PUT \ 
$. Figure 5. 
SCHMITT TRIGGER CIRCUIT 
OUTPUT 
REFERENCE 
Figure 6. 


+ 
me | 
Spe 


+ + 


MULTIAR 











120 


Figure 5 shows the familiar Schmitt trigger circuit, } 
is normally on and its low plate potential holds V, off. | 
decreasing input voltage waveform will eventually perm: 
Vv, to conduct. Positive feedback through the comm 
cathode resistor starts a regenerative action, which cutsg 
V, and gives a negative output at the plate of V,. As) 
the previous circuits, the point of amplitude comparig 
depends upon both the triode characteristics and the » 
plied voltage. 

One other circuit which is useful, because it is reasonaly 
independent of the amplifier tube characteristics and th) 
applied plate voltage, is the Multiar shown in Figure} 
Accuracy of amplitude comparison depends primarily um 
the diode characteristics. Normally, the pentode is @ 
ducting. The positive feedback path through the tray 
former is broken by the diode, which is non-conductig 
When the input voltage decreases to the point where th 
diode conducts, a regenerative action starts, rapidly cuttix 
off the pentode. 

Optimum sensitivity for this type of circuit can bk & 
rived and demonstrates the fundamental limitation. h 
the functional circuit of Figure 7, the open loop gain is: 

R 


hentinn’. 5X 


The change in loop gain caused by a change in the dik 
resistance is 
dr ~~ TR + 9F 
The value of R for maximum sensitivity, can be found 
differentiating this expression with respect to R and settix 
the result equal to zero. 
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Solving this equation, we get 
R=rfr 
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Figure 7. Functional schematic of the 
regenerative feedback type of circuit. 
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Figure 8. Functional diagram of new circuit, in which 
sensitivity increases directly with amplifier gain. 
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Figure 9. An amplitude comparator, 
based on the circuit of Figure 8. 











For maximum sensitivity, therefore, the diode should be 
operated at its most non-linear point, and the series resistor 
should be chosen equal the resistance of the diode at this 
point. The amplifier gain required for optimum sensitivity 
is K = 2. 

In this type of circuit, the diode is used to change the 
amount of positive feedback. When the loop gain reaches 
plus one, the circuit will oscillate. Increased sensitivity 
can not be obtained by increasing the amplifier gain beyond 
K = 2. 

Figure 8 shows a new circuit in which the sensitivity in- 
creases directly with amplifier gain. 

The significant difference between this circuit and prev- 
ious circuits is the use of two feedback paths: a positive 
feedback path including the diode and the resistor R,; and 
a negative feedback path including the two resistors R. 
The polarity of the net feedback depends upon the diode 
resistance. When the diode resistance is greater than Ro, 
the net feedback is negative. When the diode resistance is 
less than Ry, the net feedback is positive. As the input 
voltage varies from negative to positive, the diode im- 
pedance changes, thus changing the sign of the feedback 
from negative to positive. As in other regenerative circuits, 
oscillation occurs when the loop gain reaches plus one. 
However, in this circuit, a loop gain of plus one can be 
reached by progressively smaller changes of diode resist- 
ance as More and more gain is used in the amplifier. 

This circuit makes it possible to determine a point on the 
characteristics of the non-linear device with as much pre- 
cision as desired. However, no circuit can improve the in- 
herent stability of the non-linear device. 

An amplitude comparator’ based on this idea is shown in 
Figure 9. The use of four diodes in the bridge gives 
another factor of four in the sensitivity and provides some 
cancellation of drift in diode characteristics with tempera- 
ture. To insure that the amplitude comparator will operate 





1U. S. Patent No. 2,715,518. 





at a particular voltage level, independent of the slope of 
the input voltage, requires that the four capacitors that 
couple the diode bridge to the differential amplifier be 
sufficiently small so that a negligible amount of the input 
signal be coupled to the amplifier stage. For proper opera- 
tion, the input voltage serves only to change the effective 
resistance of the diodes and, therefore, the polarity of the 
feedback. Noise in the amplifier stage should then trigger 
the regenerative action. 

If a d-c voltage greater than that required to start the 
regenerative action is applied to the diode bridge, an output 
pulse will be generated. After this pulse, it is necessary 
for the plate and grid coupling capacitors to recharge. As 
soon as recharge occurs, another pulse will be generated. 
Thus, the output consists of a sawtooth sweep, the recovery 
time can be made sufficiently long so that the circuit will be 
reset by the trailing edge of the sweep, and a single output 
pulse can be obtained. 

Another effect of the diodes and the coupling capacitors 
is a hysteresis effect. If the time constants are not chosen 
carefully, it will be found that once the circuit starts to 
oscillate, it requires a relatively large change of applied 
voltage to stop the oscillation. One of the simplest methods 
to avoid this effect is to use small inductors to couple the 
signal voltage to the diode bridge. 

By using sufficient amplifier gain, the effects of plate 
and heater voltage changes can be made as small as desired. 
With a single double triode such as the 12AT7, the gain is 
sufficient to reduce these effects to a few millivolts. The 
sensitivity of this circuit is about one-tenth of a millivolt. 
This sensitivity is so much greater than the stability of the 
diodes being used that any further increase in sensitivity, 
which could easily be obtained by adding another stage, 
would be useless. 

In order to measure the sensitivity and also to determine 
how much stability could be obtained, a comparator was 
built with four germanium diodes. To reduce the effect of 
temperature on the diode characteristics, they were placed 
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Figure 10. Three hour rec- 
ord of drift of the new cir- 
cuit from a cold start. 


2 
°o 


MILLIVOLTS DRIFT 
' 
8 





——— 


























a 
+ 
. ‘ & 
Figure 11. Drift record after &e 
diodes and other circuit ele- m+ 
ments reach temperature equi- (2) 
librium. n” 
eo 
i) 
° 
io 
- 
' 


ORIFT 


MILLIVOL TS 


95 100 105 No 1S 120 125 


LINE VOLTAGE 











130 


3 4 5 6 7 8 
TIME IN HOURS 


Figure 12. Effect of line 
voltage variations. 
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in a small octal-socket-size crystal oven. This oven held 
the diode temperature constant within one degree. Figure 
10 shows the drift from a cold start for a three-hour period. 
The shape of the curve for the first few minutes as the 
oven warms up is irrelevant. Drift with the cycling of the 
oven is less than one millivolt. The slow drift is about 2.5 
millivolts per hour and ends as the diodes stabilize their 
characteristics, as shown in Figure 11. Figure 12 shows 
the effects of live voltage. Both plate and heater supplies 
were varied simultaneously. 


Since the sensitivity of this comparator is so much 
greater than the stability of the diodes used in the bridge, 
it seems desirable to find some other non-linear device 
which is more stable with temperature than the germanium 
diodes. As long as the non-linear device is stable, more 


Kollsman Introduces Integrated Flight Inst 


Kollsman Instrument Corp., manufacturers of precision 
aircraft and optical instruments and systems, and wholly 
owned subsidiary of Standard Coil Products, Inc., has in- 
troduced the first flight integrated instrument system. 


Victor E. Carbonara, vice president of the firm, said the 
system is a “new concept in flight efficiency, safety and 
control...” The important advantage of the instrument 
is that it features increased altimeter accuracy to provide 
precision in altitude separation. 


Nucleus of the system is an altimeter which has a new 
high accuracy of not over 50 feet at sea level and 100 feet 
at 40,000 feet. The Machmeter, corrected for installation 
error, gives continuous indications of Mach number 
throughout the range of the aircraft. The system depends 
on pressure instruments which are connected electrically to 
each other and to a computer but which can function inde- 
pendently. By means of the electrical connections, 
standard indications are made considerably more accurate 
and new information is secured. 
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sensitivity can be obtained by adding additional amplifier 
gain. Much work remains to be done in this direction. 

In addition to its many applications in electronic equip 
ment, this circuit has interesting possibilities in industrial 
measurement and control systems. Wherever it is possible 
to generate a variable impedance with temperature, pres 
sure, position, or other quantity, it is possible to use this 
comparator circuit directly, without first generating a volt 
age proportional to the quantity to be measured. The cir 
cuit does not require voltage information but can generale 
an output pulse directly from an impedance change. Fw 
such applications, the diode bridge would be replaced bys 
combination of linear resistors and elements with ar 
sistance change proportional to the quantity to be detected. 
Thus any of these quantities could be controlled by a rele 
tively simple circuit with high sensitivity. 
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In the event of electrical interruption, pilots continue t 


receive pressure readings so that indicated and maximua | 


air speed and Mach number are not affected and altimeter 
indication reverts to normal. 
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Case Institute Sponsors 


Summer Course in Process 


Control Theory, June 1i-29 


fn response to numerous expressions of interest on the 
part of industry, Case Institute of Technology, Cleveland, 
is offering a three-week summer course in “Process Con- 
trol Theory,” June 11-June 29. 

The course is directed toward the engineer finding a 
growing need for training in process control methods. It 
will embrace many new concepts of automatic control in- 
cluding data processing, computer control and information 
theory. Discussions of theory and application will center 
on the newest developments in components for measure- 
ment and control. 

This course is designed as a graduate level program 
based on an intensive schedule of lectures, laboratory ses- 
sions and discussion periods. A large part of the course 
is taken from Case’s regular curriculum offerings in 
“Process Control” and “Servomechanisms.” 

A feature of this summer study program, not normally 
included, is a schedule of round-table discussions. This 
will be an opportunity for an open and informal exchange 
of ideas en topics in the control field. 

The process control and servomechanism laboratories are 
well equipped and fairly representative of the feedback con- 
trol field. There are experimental steps demonstrating 
process dynamics, controller actions and servo responses. 





Case Institute's Process Control Analog Computer Installation 


These include gas and liquid processes, pneumatic, hydrau- 
lic and electrical operators, electronic and pneumatic con- 
trollers, etc. Emphasis is on frequency response methods 
and in all experiments comparison is made between experi- 
mentally observed response and that predicted by applica- 
tion of dynamic analysis and feedback control principles. 

Associated with the laboratories is a complete analog 
computer installation which is used for studying system 
dynamics and for designing controls for optimum per- 
formance. The course presents enough material on the 
operation and application of the computer to give an ap- 
preciation of its potentialities as a laboratory tool in sys- 
tems analysis and control studies. 

The course is open to a limited number of qualified 
engineering personnel having a degree in science or engi- 
neering, and will be taught by Dr. D. P. Eckman and I. 
Lefkowitz. For information write Professor Eckman at 
Case Institute of Technology in Cleveland. 


Highlights of CIPP Mid-Winter Committee Meeting 


The Mid-Winter Meeting of D-7 (Committee on Instru- 
mentation for the Production Processes) was held Jan. 13, 
1956 at the Morrison Hotel, Chicago, and was well attended. 

Highlights of the meeting were a discussion of papers for 
the September Show, plans for an Industry Progress Sym- 
posium and Progress Reports, presentation of a revised D-7 
Manual of Operations, and further action on the Hanson 
Award. 

An encouraging factor was the number and quality of 
prospective Show papers submitted for discussion and final 
seleciva. The original number totaled 21, and after ex- 
amination, 12 were chosen to be given during four sessions. 
Titles will appear in the tentative Show program to be 
published in the July issue of the JSA Journal. A number 
of papers were referred to other committees, and others 
will be used for the 1957 meeting. 

National President Robert T. Sheen and Vice President 
Richard N. Pond were present and explained plans of reor- 
ganization now under consideration. It is not the purpose 
of this column to discuss proposed changes in detail, but 
after considerable discussion, the committee went on record 
a8 favoring establishment of technical divisions in interest 
areas as a vertical structure with suitable horizontal com- 
Mittees and possible committee membership in each of 
these vertical divisions to obtain proper cross fertilization 
of technical ideas affecting these divisions. 

D7 Chairman Lou Gess presented a report submitted 
by Mr. McKnight on the Industry Progress Symposium. 
This session would be staged at the annual Show and would 
be devoted to a review of instrumentation progress within 
the process industries. The method of presentation would 
consist of having well-known authorities in the area under 
discussion form a panel to present the Symposium. Each 
representative would be assigned topics with an additional 
Speaker serving as a forecaster of future instrument de- 
Yelopments in the industry represented. 
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by Morris Moses 


A CIPP REPORT 


One suggestion made concerning representatives was that 
they might be D-7 subcommittee chairmen. This Sym- 
posium would be an excellent complement to the Progress 
Reports being written by present subcommittees. The 
Progress Reports were presented by committee chairmen 
and plans are underway for preliminary distribution to 
other committee members and national officers. Since 
sufficient papers were available for four sessions, the com- 
mittee decided that a Progress Symposium would not be 
presented at the next annual Show. 

A revised Manual of Operations was presented outlining 
D-7’s objectives as an operating guide for subcommittee 
chairmen and members. The primary objective is collec- 
tion and dissemination of applications and systems methods 
within the process industries. In this way, specialized 
knowledge can be shared among various industries. 

Other phases of the D-7 Operations Manual provides for 
cooperation in local Section Symposia and also sponsorship 
of a D-7 column in the JSA Journal. Length of service for 
committeemen, meeting schedules, and chairman-recorder 
functions at the annual Show are included in parts dealing 
with the mechanics of the committee’s operations. This 
manual will serve as a guide for operation until one from 
the National Office is available. 

The Hansen Award, in memory of Charles A. Hansen of 
General Electric, was favorably received by the National 
ISA. Mr. Hansen served this committee faithfully for 
many years and was a cornerstone to its present structure. 
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tively narrow. 


sign are discussed. 


A viscometer for the absolute evaluation of non-Newtonian fluids 
is described. The central element is a coaxial cylinder head, of 
which the two cylinders are water-cooled and maintained in fixed 
but essentially frictionless alignment by an air bearing. The annular 
gap formed by the cylinders, in which the fluid is tested, is rela- 
Auxiliary elements include a force transducer, a 
tachometer generator and an x-y recorder, whereby recorder plots 
of shear stress versus shear rate, or shear stress versus time of shear, 
are obtained for the fluids tested. Theoretical aspects of the de- 








A Coaxial-Cylinder Viscometer for N 


INTRODUCTION 


In the paper entitled “Basic Problems in the Viscometry 
of Non-Newtonian Fluids,’* the characterizing feature of 
all non-Newtonian fluids was reviewed, namely, the in- 
constant ratio of shear stress to shear rate as either shear 
stress or shear rate is varied. Consequently in the basic 
viscometry of such fluids, the viscometer should be designed 
to yield, for each measurement, a single value of shear 
stress and the corresponding value of shear rate. In addi- 
tion, because some non-Newtonian fluids are also time 
dependent (that is, shear stress is a function not only of 
shear rate but also of time of shear) the viscometer should 
be provided with means for indicating the time function 
of shear rate. 

This same paper also showed the advantages of the 
coaxial-cylinder viscometer over capillary tube and falling- 
ball instruments, and suggested the desirability of making 
the cylindrical gap a very small fraction of the radii of 
the cylinders, in order to obtain measurements of shear 
stress and shear rate as essentially point values for all the 
fluid under shear. On the other hand, it was noted that if 
the gap were made too small, it would be impossible to 
test most solid suspensions of interest, which represent a 
major field of non-Newtonian flow. Finally reference was 
made to the problem of effective temperature control of the 
fluid under test. 


FEATURES OF THE NEW VISCOMETER 
FOR NON-NEWTONIAN FLUIDS 


The purpose of this paper is to describe a coaxial-cylinder 
type of viscometer for the measurement of non-Newtonian 
fluids, designed from a consideration of the problems just 
discussed. As this instrument comprises several essential 
components in addition to the coaxial-cylinders, we shall 
for the sake of clarity refer to the latter as the coavial head 
and to the complete instrument as the viscometer. 

The basic components of the viscometer are shown sche- 
matically in Fig. 1. In the following itemization, the com- 
ponents shown in Fig. 1 are italicized. 

The coarial head is distinguished by: 


bottomless cylindrical shearing surfaces 
small annular width between cylindrical surfaces 
mechanically-fired coarial alignment of cylinders 


continuous flow of temperature-controlling water under 
pressure beneath each of the shearing surfaces 


injection syringe for forcing test fluid into annulus 


*"'Basic Problems in The Viscometry of Non-Newtonian Fluids," by 
Edward W. Merrill, ISA Journal, October 1955, Page 462. 


The stator (outer) cylinder of the head is connected wit 
the transducer assembly, and the rotor (inner) cylinder} 
driven by the variable speed drive, through a magnet 
clutch. Stator and rotor are isolated by an air bearing. 

The transducer assembly converts the fluid shear fore 
on the stator of the coarial head to a d-c signal proportion 
to the shear stress in the fluid, this signal being transmitted 
to the recorder. 

A thermostatic water bath and circulating pump & 
change tempering water continuously with the rotor api 
stator of the coarial head. 

The constant speed motor powers the variable speed dri 
and the air compressor. 

The variable speed hydraulic drive turns the input shaft 
of the electromagnetic clutch. The speed is controlled y 
the rotation of a throttle valve effected by the speed contr 
unit. 

The electromagnetic clutch splits the drive shaft & 
tween the variable speed drive and the coavial head, andi 
energized from the speed-control unit, to permit rapid stat 
and stop of the rotor. 

The d-c tachometer generator is geared to the outpi 
shaft of the variable speed drive, to provide a shear-alt 
signal to the recorder and to the panel meter of the speel 
control unit. 

The speed-control unit starts the main drive motor, @ 
ergizes the electromagnetic clutch, and changes the angk 
of the throttle valve of the variable speed drive. It permits 
the operator either to produce instantaneously any desire 
constant rotational speed independent of torque or to carry 
out an automatic program such that the rotor speed of the 
coarial head will increase linearly with time, over any @ 
sired time period, to any desired maximum speed, and thet 
decrease similarly to zero. Mounted in the speed-contral 
panel is a voltmeter connected with the tachometer, tt 
voltmeter being calibrated in reciprocal seconds of shear 
rate. 

The time-signal generator consists of a potentiomelét 
connected across a d-c source of constant voltage, driven 
a synchronous motor, so that the output voltage is a lined 
function of time. This output signal replaces the de 
tachometer signal to the recorder for shear stress versié 
time runs. 

The z-y recorder plots the signals from the transdut 
and the tachometer, or from the transducer and the time 
signal generator. 

The air compressor supplies the air bearing of the coarial 
head. 

Owing to the design of the coaxial head and its combilt 
tion with the other components, several desirable results 
are achieved. The annular space between the coaxial cyt 
inders is sufficiently narrow to provide a substantially 
form shear rate in the fluid under test, yet not so 0 
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\WNewtonian Fluids 





d with as to preclude testing of fine-particle suspensions. Shear 
ader js rates of 10,000 reciprocal seconds or more can be obtained 
Lg netic with moderately low rotational speeds. For the majority 
ng. of testing conditions, the water-cooling of both stator and 
* force rotor in the coaxial head maintains a uniform temperature 
rtional in the fluid under test. Finally, the shear stress trans- 
mitted ducer and the recorder in combination with the other com- 
ponents provide an automatically written record of the 
\) & data, which is convenient in any case and essential for fast 
or and changing time-dependent fluids. The viscometer will test 
Newtonian fluids as well as non-Newtonian fluids. 
| drive | 
shal GENERAL METHOD OF OPERATION 
led nH) Prior to making a viscometric test, the water thermostat 
ont is adjusted to desired temperature, the water being pumped 
through the rotor and stator of the coaxial head. Filtered 
ft be dry air is supplied continuously to the air-bearing on which 
and i the stator rests, so that before fluid is introduced the rotor 
| start | may be turned inside the stator without producing any 
measurable drag on it. 
output In making a test, the rotor is turned very slowly while 
ar-rale the test fluid, previously poured into the syringe, is forced 
speed by hand pressure on the piston into the annular gap be- 
in tween rotor and stator of the coaxial head. When the fluid 


is seen to overflow uniformly at the top of the gap, injec- 
angle tion is stopped. Fluids suitable for testing in this viscome- 





erm ter will drain from the bottom of the open-ended annulus 
esired at a negligible rate. 
carry The annulus having been filled with fluid for test, runs 
hy | are how made, at the experimenter’s choice, of shear stress 
ny a versus shear rate, or shear stress versus time of shear, at 
| constant shear rate. This is accomplished in the former 
ontre case by setting the speed control unit, connected with the 
r, the variable speed drive, for automatically programmed in- 
shear crease and decrease of speed from zero to a pre-selected 
oil | Maximum. In the latter case it is accomplished by setting 
. the speed control unit to give a desired constant output 
al speed from the variable speed drive, and then by energizing 
i or de-energizing the electro-magnetic clutch to start and 
ae stop the rotor. Also for the latter type of run, a d-c voltage 
signal from the time-signal unit, increasing and decreasing 
dvett ety with time, is substituted for the d-c tachometer 
pra énal that is otherwise supplied to one axis of the x-y 
| recorder. The tachometer signal is read instead from the 
varia a on the panel of the speed control unit, and the 
ear rate thus read is inscribed by the experimenter 
sbine a the curves being drawn successively by the x-y re- 
ails | e oa In both of the above types of operation, the stator 
1g | € coaxial cylinder head is connected with the re- 


7 sistance-wire transducer and the output signal from it (the 


ro" shear stress signal) is applied to one axis of the x-y 
a recorder. 
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Fig. 1. Arrangement of the Viscometer Components 


Fig. 2. Cross-sectional elevation of the Coaxial Head. 











After a test run, syringe, piston, and rotor are removed 
and cleaned separately. The stator may be cleaned while 
in position on its air-bearing frame, or may also be re- 
moved for cleaning. 


DETAILS OF COMPONENTS 
Coaxial Head 

A cross sectional elevation through the vertical axis of 
the coaxial head is shown in Fig. 2. The drive shaft / 
serves three purposes, to drive rotor 2, to serve as a vertical 
axis for the entire head, and to carry air to the air-bearing 
surfaces. Shaft / is fixed vertically in the main frame of 
the viscometer by suitable bearings and is coupled to the 
variable speed drive through the electro-magnetic clutch 
indicated in Fig. 1. Cylindrical rotor 2, removable for 
cleaning, is installed in position by placing it over the top 
of shaft 7. As it descends it engages in key 3 and comes 
to rest at the proper level on shoulder 4 machined in the 
shaft. 

On the upper extension of rotor 2 is a manifold 5, held 
stationary by a rod extending from it to a nearby block 
(not shown in Fig. 2, but clearly indicated in Fig. 4). 
Water is pumped from the thermostatic bath through inlet 
tube 6, from which it travels by the series of internal holes 
marked 7 down to the channel 8 which is formed circum- 
ferentially in the rotor just under its fluid-shearing surface. 
A block, not shown, is soldered in channel 8 so as to cause 
water entering from holes 7 to circulate through about 350°. 
The water leaves through internal holes 9, similar in ar- 
rangement to holes 7, passes into the manifold and out 
through tube 10. The manifold is machined to hold three 
0-rings,. 11, which prevent the water from by-passing be- 
tween inlet and exit tubes, or leaking outside. Should this 
occur, the leakage would pass out through the rotor 
through a “weep hole” /2 without contaminating the fluid 
under test. 

A non-rotating frame /3 is carried on shaft / in such a 
manner that an air-bearing surface is formed between 


Fig. 3. 
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them. Air is brought into shaft / through NOD-Totating 
manifold 14. No seal is used between the shaft and th, 
manifold. The small clearance prevents loss of Significay 
amounts of air. The air proceeds up shaft J through th 
central bore 15, from which it passes out through holes 
(there being six equally spaced holes at each of the thry 
levels) into the radial part of bearing surface 17. Air aly 
passes out from bore 15 into six equally spaced vertigy 
holes 18 into the thrust portion of bearing surface 17, Ty 
air escapes from the air bearing surfaces into the atmos. 
phere primarily through relief holes 19 (six in number 
drilled in frame 18, but also at the top of frame 1/$ Just 
under the umbrella-like projection 20 and at the peripher | 
of the thrust bearing surfaces between the shaft and the 
frame. The surfaces 17 that form the air bearing, bop 
radial and vertical, are machined to close tolerance, (y 
the radial part a difference in diameters of 0.0005 ing 
has been found convenient. As a result of this constructig, 
the frame 
film of air in an essentially frictionless manner, but is majp. 
tained in coaxial alignment with the shaft, and thus aly 
with rotor 2. 

The stator 2/ of this coaxial-cylinder head is placed by, 
light press-fit on shoulder 22 of frame 13, which has bee 
so machined that the stator rests at the same level as th 
rotor and is coaxial with it, forming the annular shearing 
23. The annular space, thus formed, is 1.0 inch high 
0.006 inch wide and open at top and bottom. 


— 


space 


8 is isolated from the rotating shaft 1 by a thi | 





Water is supplied to the stator through tube 24, anj 
passes thence through a radial hole into a channel 26. Th 
channel is blocked (as shown by cross-hatching in Fig, 2) 
over a small sector so that the water must flow circum. 
ferentially around the channel through 350°, before leaving 
through hole 27 and outlet tube 28.* Through this block ip 


*Iin Fig. 4, the photograph shows the water 
nected on the top of the stator Th ea 
n Fig. 2, but les 


tubes to the stator com 
jivaient to the arrange 
ment shown 


Simplified Plan of The Transducer Assembly in Relation to the Coaxial Head. 


‘FIXED BAR 


OCTAGONAL STRAIN CELL 
BOLTED TO MOVABLE BASE 


LEVER 


BALL BEARING MOUNTED 


\ 


Y 
CONNECTING 
ROD 


S 


Ny, “4 


\ 

\ 

» i“ ~*~ 
ae * ‘ \ 


DIRECTION OF TORQUE 
ON STATOR 





126 


~—~VISCOMETER STATOR 


—VISCOMETER ROTOR 


ISA Journd 











chan 
syril 
betw 


the 
gyrit 
the | 
The 
is in 


rece! 
duri 
may 
skirt 
the | 
vari 
spou 


Ap 








ating 
this 


bya 


BEeEs 


= 7B 


sk 


23 











a 











nel 26, a hole 29 is drilled to convey fluid for test from 
syringe 31 into the annular space 23, at a level halfway 

tween top and bottom. A threaded base 30, soldered to 
a stator, provides a means for securely holding the 
syringe $1. In making a test, the syringe is screwed into 
the base 30 until its outlet is jammed directly over hole 29. 
The syringe may then be filled with fluid for test, which 
is injected by means of piston $2. 

Frame 13 contains a hollow chamber 33. This chamber 
receives excess test fluid from annulus 23, solvents used 
during the process of cleaning, and any water leakage that 
may come through the weephole 12. The umbrella-like 
skirt 20 deflects these fluids so as to prevent their entering 
the upper end of the air-bearing directly beneath. These 
yarious liquids pass out of chamber 33 through a short 
spout 34 into any convenient waste receptacle. 


chan 


Transducer Assembly 

Fig. 3 shows, in top elevation, the arrangement of the 
transducer assembly, and one form of transducer. This 
transducer is an octagonal strain cell* which carries four 
resistance-wire strain gages, attached to the inner and 
outer faces of the octagon, on two opposite sides, sym- 
metrical with the line of compression, as shown. Electri- 
cally, the four resistance gages are connected as a Wheat- 
stone bridge. A constant d.c. source is placed across two 
opposite corners of the bridge, and the output (unbalance) 
signal is tapped off the other two corners to the recorder. 
The octagonal cell is so designed that the output signal 
is linear in compressive force. The cell is designed for a 
maximum compressive force of 2 kg., with a sensitivity of 
+1g. over this range. 

The stator of the coaxial head referred to in the preceding 
section is connected with the transducer assembly by a 
light, rigid rod, one end of which hooks over pin 35 (Fig. 
2) and the other end over a pin on the lever arm (Fig. 3), 
so that the connecting rod is tangential to the stator and 
normal to the lever arm. 

The lever arm and sliding cell, shown in Fig. 3, are used 
to permit mechanical magnification or reduction of the force 
transmitted through the connecting rod. The cell may be 
moved along a fixed bar to a desired setting and then 
locked by set screws. Settings may be conveniently marked 
so that the recorder chart will read 5,000, 10,000 (etc.) 
dynes/sq.cm. of shear stress per division. 

To index the cell positions on the track, it is first cali- 
brated by dead weight loading to give the ratio of millivolts 
output versus load in grams for a constant voltage input 
to the bridge. From the analysis of lever arm ratios to be 
discussed later, the shear stress existing in the fluid 
annulus is calculated in terms of compressive load on the 
strain cell. From this, the factor relating shear stress to 
millivolts output may be calculated. Then the proper in- 
dices on the bar may be determined and inscribed. Pro- 
vided only that the d-c voltage source to the strain cell 
is constant, and that the strain cell has not been loaded 
beyond its elastic limit, the calibration is permanent. To 
protect the strain cell from overloading, the lever arm is 
always held in a safety latch, out of contact with the 
cell, while the viscometer head is being filled, cleaned, or 
otherwise handled. 

Fig. 4 is a photograph of a transducer assembly, showing 
its relationship to the coaxial head as seen from directly 
above, as in Fig. 3. In addition, Fig. 4 shows the syringe 
o the stator, the manifold on the rotor, the rod fixed to 
the manifold that locks into a yoke (near the ball-bearing 
Pivot of the lever arm) to prevent rotation of the mani- 
fold, the various water-carrying tubes, and the input and 
output wires to the strain cell. 


Vatiable Speed Drive 
As a variable-speed drive, the Vickers half-horsepower 
ulic system, driven by a % hp motor, has been suc- 


— 


*Made by Shaw, Smith and Associates of Lexington, Mass. Another 

pe of resistance-wire transducer that appears to be equally service- 

ad is the GI! transducer designed by Statham Laboratories of Los 
es. 
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Fig. 4. 


A View of the Transducer Assembly, Coaxial Head, and 
Water Connections. 


cessfully used. Speed variation is smooth and, as the 
pumping units are essentially slip-free, reproducible speeds 
can be obtained with a given setting of the control throttle, 
i.e., speed does not vary with torque. This permits the 
use of a mechanically-driven cam, operated by a synchron- 
ous motor to program the speed variation. The cam shape 
and synchronous motor speed can be changed to give a 
choice of maximum speeds and duration of program cycle. 
In conjunction with the Vickers system, an electro-magnetic 
clutch is used to obtain the speed of start-stop response 
desired in tests at constant shear rate. When electrically 
energized, the clutch will lock from full slip to zero slip 
within a few milliseconds. 

The other components of the viscometer are 
units and need not be described here. 


standard 


CALIBRATION FOR SHEAR STRESS, SHEAR RATE 


In a coaxial cylinder viscometer the point value of shear 
rate D existing in a lamina of fluid at radius r is equal to 
rdw/dr. Because in this viscometer the distance from inner 
to outer cylinders is so small a fraction of the radius of 
either, D is substantially constant (to within about + 0.5% 
of the mean value) from one cylindrical surface to the 


other and may be calculated as rAw/Ar. Thus, 
r 2nN 
D = Tavg (or ” ws) / (Ts — Tg) 8 (1) 
Ts — rp 


wherein rg = inside radius of stator, cm. 


rp = outside radius of rotor, cm. 
Fave = (Pq + F,) /2, CM. 

ws = angular velocity of stator (zero) 

wr = angular velocity of rotor = 2r(N) 

N = revolutions per second (rps) of the rotor 


In the present instrument, rs = 2.6970 cm. and rg = 


2.6810 cm. Thus, r,,, = 2.6890/em. The quantity r,-—r, 
accurately measured was found to be 0.0160 cm. Thus 
numerically equation (1) gives: D(sec*) = (1055.3). 
Thus, at N = 10 rps., D = 10554 sec“. This equation is 


the basis for the calibration, in reciprocal seconds, of the 
1Superior numbers refer te r sriy numbered reference s+ end of 


this paper. 
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indicating voltmeter connected with the tachometer (Fig. 
1), and of the shear-rate axis of the x-y recorder, in terms 
of chart divisions. 

The average cylindrical area A over which shear occurs 
is taken as the mean cylindrical area of height h, radius 
Tavg, bounded by the stator surface and the rotor surface N. 
Thus, 

A= 2a avgh (2) 


For the present viscometer, A = 42.88 sq.cm. Now with 
reference to Fig. 3, the principles of statics will show that 
the true total shearing force F° resulting from fluid shear 
along the mean cylindrical shearing surface A is first re- 
duced by the ratio r,/r,,, and is then multiplied by the 
ratio d,/d, of the lever arm arrangement so that the total 
compressive force F, acting on, and indicated by the 
transducer is given by the relation: 


. r, 
F, =F . 8 = (3) 


Fig. 3 shows the relation or r,, r,,,, d, and d.. The 
shearing stress 7 is calculated as: 


F F, r, d, 
i... ee 


(4) 


T 


The calibration of F, in terms of divisions on the recorder 
chart has been mentioned in the discussion concerning the 
transducer assembly. 


GENERAL CONCLUSIONS 
Applicability 

The viscometer described has been used successfully to 
test a wide variety of polymer solutions, suspensions such 
as bentonite in water, carbon black in oil, and commercial 
paint, and special commercial combinations of polymer 
solutions and suspensions. Its lower limit of applicability 
as determined on Newtonian fluids appears to be 25 centi- 
poises. It has been shown in an earlier paper’ that if the 
fluid had a viscosity of 25 centipoise and a specific gravity 
of 1.0, it would descend vertically through the open-ended 
annulus under gravitational pull with an average velocity 
of about 0.08 centimeters per second if there were no effect 
of surface tension. If the rotor is stationary, it appears 
likely that the lower free surface of the fluid, being un- 
disturbed, would support the weight of the fluid annulus 
and prevent flow both for organic and aqueous liquids. 

The upper limit of applicability is indefinite. Newtonian 
fluids, such as glucose, may be tested with viscosities at 
least as high as 1000 poises. On the other hand, certain 
non-Newtonian fluids, seemingly less viscous, will spon- 
taneously split into two layers in the annulus under even 
moderate shear rates, leaving an air gap between and ob- 
viously invalidating the test. This tends to occur in some 
compounds having a high concentration of suspended filler 
and in some highly concentrated polymer solutions. So 
far no reliable criterion has been found for predicting the 
upper limit of shear rate that such a fluid will withstand. 
The instrument is obviously unsuitable for any coarse sus- 
pension in which the ultimate particle diameter is more 
than about one-tenth of the gap clearance, that is, more 
than 15 xu. 


Transition from Laminar to Turbulent Flow 


In any viscometer in which the fluid under test develops 
turbulent flow, it becomes impossible to make any measure- 
ment of the shear stress—shear rate relation. From an 
analysis presented in an earlier paper’, it has been con- 
cluded that for the coaxial cylinder viscometer described 
the criterion for the onset of turbulent flow of a Newtonian 
fluid in the annular shearing space is: 


2nlr (Ts — r,) Np 


> 500 (5) 
wherein, in addition to the nomenclature for equation (1) 
cited above, » = viscosity, poises and »p = density, grams 


per cubic centimeter. The dimensionless term of equation 
(5) is in effect a Reynold’s Number. 
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Considering a Newtonian fluid of 0.25 poise Viscosity (the 
lower limit of testing) and unit density, one will find fy» 
the instrument here described that, to produce turbuley 
flow, the rotational speed would have to be 488 Tevolutiog 
per second, producing a shear rate of about 520,000 recipny 
cal seconds. Such a speed is mechanically impractical, 


Temperature Control 

With highly viscous fluids, or at extraordinarily high 
shear rates, the mechanical work dissipation in a fluid cp. 
tained in a coaxial-cylinder viscometer of narrow ap wil 
result in a considerable temperature gradient from the mid 





plane of the fluid to the boundary walls, even though th 
latter be kept isothermal. It then becomes necessary jy 
correct for the temperature distribution. Two approachs | 
to this problem were cited in the paper (Basic Problems 
the Viscometry of Non-Newtonian Fluids,” ISA Journ 
October 1955, page 462). 

From experiments performed on Newtonian fluids wij 
the viscometer here described, it has been found that th 
ultimate bulk temperature rise in the fluid, upon indefinit. 
ly long shear, will be less than 2 C. over circulating-waty 
temperature, when the shear rate is 10,000 reciprocal sy 
onds and the viscosity 10 poises. Calculations show thy 
the temperature rise will be less than 2 C. if a fluid g 
100 poises is tested at a shear rate less than 1000 reciprog) 
seconds, or a fluid of 1 poise viscosity at a shear rate log 
than 100,000 reciprocal seconds. Thus with this viscomete 
a reasonably large testing range exists in which correctig 
for temperature rise in the fluid would, for most purposes, 
be unnecessary. 
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HISTORY OF ISA 


@ This Part 7 concludes a series summarizing the organi- 
zation and growth of the Instrument Society of America 
through 1953. The original was prepared by E. C. Rieger 
and members of the 1954 ISA Historical Committee—S. A. 
Prince, R. R. Proctor, A. H. Shafer, A. F. Sperry and L. M. 
The seven parts were edited and prepared for 
ISA Journal publication by S. D. Ross, Chairman of the 


Susany. 


ISA Publications Committee. 


(Continued) National Council Meeting — September, 1952 


All Executive Board members were present as follows: 
A. 0. Beckman, D. M. Boyd, N. L. Isenhour, Porter Hart, 
R. T. Sheen, W. A. Wildhack, G. R. Feeley, and J. B. Mc- 
Mahon. 

The slate of nominees for 1953 officers was presented to 
the National Council as follows: for President — Porter 
Hart, for Secretary — W. A. Wildhack, for Treasurer — J. T. 
Vollbrecht, for Vice President — W. H. Brand, for Vice- 
President — J. M. Ribble. All were elected. 

The brochure “You and the ISA”, as prepared by the Pub- 
lic Relations Committee, was presented to the Council for 
distribution. A Corporate Membership brochure was re- 
ported in the making. 

The Fox River Valley Section charter was granted on 
September 7, 1952. 

The Council approved the Executive Board recommenda- 
tion of encouraging local section instrument exhibits, the 
National Society to appoint a national committee to guide 
and supervise the organization of such shows. 

A motion was passed that admission of Members-at-Large 
and Foreign Members to the Society be approved by action 
of the Sections and Membership Committee, rather than 
Executive Board. 

The inclusion of a Corporate Membership in the By-Laws, 
was also approved. 

President Beckman reported the following: the number 
of sections increased from 52 to 58 in the last year (the new 
ones being Permian Basin, Carolina Piedmont, Central Ohio 
Valley, Savannah River, Muscle Shoals, and Lake Charles). 
Membership on September 1, 1952 was 5597, as compared to 
4549 on September 1, 1951. Income exceeded expenses by 
$14,457.62, as of December 31, 1951, with a cumulative sur- 
plus of $67,206.19. 

It was also reported that the new Constitution and By- 
Laws became effective December 8, 1951. An important 
change noted was the provision for a full time Society 
Manager and the establishment of a National Office at 1319 
Allegheny Avenue, Pittsburgh 33, Pennsylvania, with Percy 
V. Jones, Jr. as Manager. Richard Rimbach remained as 
Exhibit Manager. 

Many thanks were extended to Mr. Rimbach for his tire- 
less efforts from the early days of organization. 


A review of the financial situation indicated: 
Cash on deposit __. .... $45,925.23 
Investments 


U.S. Treasury Bonds, Series G ...... 20,000.00 
Certificate of Deposit of 

Potter Bank & Trust Co., Pittsburgh . 10,000.00 

AE eve _ 11,989.51 


Surplus increased from $52,748.57 on January 
1, 1951 to $67,206.19 on December 31, 1951 


April 1956 





E. C. Rieger S. D. Ross 
Income 95,600.00 
Expense 81,825.00 
Excess Income 13,875.00 


P. V. Jones, Society Manager and Chairman of Commit- 
tee C-2 on Employment, reported position listings running 
at the rate of 200 to 250 per year; applications for positions, 
500 to 600 per year. 

Affiliation of ISA with the National Research Council was 
reported. 

Recently published Tentative Recommended Practices 
were listed, as follows: RP 1.1 Mercury Handling (April 
6, 1951); RP 1.2 Thermocouples and Thermocouple Exten- 
sion Wires Installation (August 22, 1952); RP 1.3 Thermo- 
couples and Thermocouple Extension Wires Terminology, 
Limits of Error, Wire Sizes (August 22, 1952); RP 1.4 
Thermocouples — Fabrication (August 22, 1952); RP 1.5 
Thermocouples — Checking Procedures (August 22, 1952). 

Both financial and educational gain were reported on the 
use and renting out of the film “Principles of Automatic 
Control”. The use of this film is continuing to increase. 

It was announced that invitations to the International 
Instrument Congress and Exposition to be held in Phila- 
delphia, September 13-25, 1954, have been printed in French, 
yerman, Portugese, and Spanish and will be sent to all the 
free world. 


Executive Board Meetings — Sept. & Nov., 1952 


On September 10, 1952 the Executive Board met at the 
Cleveland Public Auditorium under President Beckman. 
Members present were: A. O. Beckman, D. M. Boyd, Jr., 
G. R. Feeley, Porter Hart, N. L. Isenhour, J. B. McMahon, 
R. T. Sheen, W. A. Wildhack. Others present were: W. H. 
Brand, C. W. Covey, J. T. Vollbrecht, J. M. Ribble, Millard 
Shriver, P. V. Jones, Jr. 

It was announced that Ralph Webb had been appointed 
Nominating Committee chairman for 1953. 

On November 9, 1952, the Executive Board met at the 
LaSalle Hotel in Chicago under the chairmanship of Presi- 
dent Beckman. Members present were: A. O. Beckman, 
D. M. Boyd, Porter Hart, N. L. Isenhour, Robert T. Sheen, 
W. A. Wildhack (members absent: George R. Feeley, J. B. 
McMahon). Also present were: W. H. Brand, C. W. Covey, 
S. G. Eskin, Nelson Gildersleeve, J. T. Vollbrecht, E. J. 
Grace, Jr., P. V. Jones, Jr., Robert Proctor, Richard Rim- 
bach. 

The Board voted to hold the annual conference and ex- 
hibit in New York in 1957 and in Cleveland in 1958. It was 
recommended that R. Rimbach be retained as Exhibit 
Manager on a contract to be presented by George Feeley. 

$12,000 was allocated for the publication, distribution, 
and also sales promotion of the 1952 Proceedings of the 
Society. 
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A motion was passed to sponsor a symposium on Tele- 
metering jointly with the Institute of Radio Engineers and 
the American Institute of Electrical Engineers, to be held 
in Chicago, May 6, 7, 8, 1953. 


Executive Board Meeting — March, 1953 

A meeting of the Executive Board was held in Kellogg 
Center, Michigan State College, Lansing, Michigan on March 
21, 1953, President Porter Hart presiding. 

Authorization was given to the manager of ISA to con- 
tinue the membership of ISA members entering Military 
service, without payment of dues from any Section recom- 
mending such action. It was noted by W. H. Brand that 
the Eighth National Instrument Conference would have 
more than 100 technical papers presented before the 24 
scheduled sessions and that there were now 80 people serv- 
ing on the Technical Division Committee. W. Wildhack 
reported that the ISA committee on Medical instrumenta- 
tion, chairman Dr. H. Morowitz, will sponsor jointly with 
LR.E. and A.I.E.E. a “Conference on Electronics and Nu- 
cleonics in Medicine” to be held in New York City. 

A charter was approved for Seattle Section. 

Gulf Coast Section changed its name to Sabine-Neches 
Section, Ontario to Toronto Section, and Southern Michigan 
to Kalamazoo Valley Section. 

A 20-page booklet summarizing ISA publication policy 
and giving instructions to prospective author was prepared 
jointly by the Publications Committee (C. W. Covey, Chair- 
man and Society Manager Jones) and the Technical Divi- 
sion Committee (W. H. Brand, Chairman). It was pre- 
sented to the Board as Form number B3-1, “Guide for the 
Preparation and Presentation of an ISA Paper.” Asso- 
ciated forms made up and presented were: B3-2, 3, 3A, 4, 
5, 5A, 5B, 6 and 7. 

Approval was given to enlarge the National Office to 2500 
square feet (rental $279.50 per month.) A subcommittee 
under the chairmanship of J. B. McMahon was to study 
the problem of location, ownership, and financing of the 
National headquarters. 

Paducah Section (Paducah, Ky.) and the Blue Ridge 
Section (Radford, Va.) were granted charters on January 
28, 1953. 

Coincident with this the Executive Board Meeting, an In- 
strumentation Conference was held at Kellogg Center under 
the sponsorship of Michigan State College and the direc- 
tion of Professor Robert J. Jeffries, Chairman of the ISA 
Educational Committee. Over 250 were in attendance. 


Executive Board Meeting — June, 1953 

On June 10 and 11, 1953, the Executive Board met at the 
Conrad Hilton Hotel in Chicago. Members present were: 
Porter Hart, President; D. M. Boyd, ist Vice President; 
W. H. Brand, Vice President; J. M. Ribble, Vice President; 
R. T. Sheen, Vice President; J. T. Vollbrecht, Treasurer; 
W. A. Wildhack, Secretary. Also present during at least 
part of the meeting were: P. V. Jones (Society Manager), 
C. W. Covey (Chairman Publications Committee), George 
Feeley (Chairman Finance Committee), Axel Peterson 
(Vice President, Nominee); E. J. Grace (Chairman Meet- 
ings Committee), Richard Rimbach (Exhibit Manager), 
M. D. Shriver (Members Meetings Committee). 

The meeting was called to order by President Hart at 
2:00 P.M. A report by chairman Ralph Webb, of the Nomi- 
nating Committee, gave the slate of national officer nomi- 
nees as follows: For President — W. A. Wildhack; for 
Secretary — R. T. Sheen; for Vice President — C. A. Han- 
sen; for Vice President — Axel H. Peterson. 

A motion was passed that the Board recommend to the 
National Council that ISA take immediate steps to estab- 
lish an independent Society publication as recommended 
by the Society Structure and Planning Committee and the 
Publications Committee, and that the Executive Board be 
empowered to employ the necessary staff for this publica- 
tion work. A committee was appointed by the President 
to formulate the necessary plans and budget details re- 
quired by the new publication venture. The committee was 
as follows: Chairman — First Vice President Boyd, Mem- 
bers — C. W. Covey. (Secretary), C. W. Eigenbrot, G. R. 
Feeley, H. C. Frost, A. H. Peterson, Fred Trapnell, R. D. 
Webb. 
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The Society Manager was instructed to obtain lega] cou. 
sel and prepare a proposed amendment to the by-laws 
limit the legal liabilities of the officers and employees y 
the ISA. 

D. M. Boyd reported that revisions to the National Ele. 
trical Code had been prepared by joint action of the Ny 
tional Underwriters’ Laboratory and the ISA Recommengg | 
Practices Committee for publication in September, 1953, 
W. H. Brand authorized the report on the 1953 Nation 
Telemetering Conference held in Chicago, jointly SPonsores 
by A.I1.E.E., I.R.E. and ISA. 

The ASME is to publish a report by the National Bureay 
of Standards on “Instrumentation Literature and Its Ugg 
which the ISA may co-sponsor. ; 

The Board accepted the statement of legal counsel 
plied through past-president Beckman to the effect that th | 
ISA was not subject to income tax. This was in agreemey | 
with a similar finding on the Pittsburgh Show. For th 
guidance of local sections legal advice was also to be m 
tained on the problems involved in incorporation of section 

A letter was received from E. S. Lee, the editor of Generg 
Electric Review, requesting an article on the history an 
activities of ISA. President Hart was asked to prepay 
this. 

The Society Structure and Planning Committee was askej 
to consider the problem of increased Society activities jy 
instrument exhibits. R. Rimbach reported on the prospects 
of the coming Chicago Exhibit; 197 exhibitors had py 
chased 34,608 square feet of space, consisting of 302 booths 
with a waiting list for more. He estimated an attendang 
of 15,000. 

For the first International Instrument Congress and Ey. 
position to be held in Philadelphia in 1954, Rimbach nr 
ported three-fourths of the 60,000 square feet of space orig. 
inally laid out had already been reserved and he was pla 
ning for additional space. It was reported that Hart and 
Rimbach plan to spend the month of July in Europe visit- 
ing instrument centers and exhibits and meeting with tech 
nical and scientific groups. 

The Finance Committee was instructed to include in its 
1954 budget, estimates on cost and income for the new SA 
Journal, and an estimate covering hospitalization and medi 
cal benefits for ISA employees. 
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Executive Board Meeting — September, 1953 


On September 19 and 20, 1953, the Executive Board me 
at the Morrison Hotel in Chicago under the Chairmanship | 
of President Porter Hart. Members present were: Boy, | 
Brand, Hart, Ribble, Sheen, Vollbrecht, Wildhack (mem 
ber absent: Beckman). Others in attendance at least part 
time were: Peterson, Susany, Ross, Jones, Jacobs, Head, 
Rimbach, Eigenbrot, Proctor, Rieger, Covey. 

Death of Vice President nominee Charles A. Hansen, Jt. 
resulted in the Board naming D. C. Little as a replacement. 

A policy was adopted by the Executive Board, based 0 
the report of a special Committee on Local Exhibit Policy, | 
permitting and encouraging local Sections to have instr | 
ment exhibits in keeping with a policy set up by the Ne 
tional organization. 

Section organizational activity was reported at Lancas 
ter, Pa., and at Lakeland, Florida. A petition was received 
for a section charter for Edmonton, Alberta, Canada. 

It was announced that the National Society is to co-spor | 
sor with the University of Florida its Southeastern In 
strument Conference to be held February 1, 2 and 3, 1954 | 
at Gainesville, Florida. 

The Board agreed to present the recommendation of the 
Special Committee for a separate ISA Journal to the Cour 
cil. 





National Council Meeting — September, 1953 

On September 21, 1953, the National Council met at the 
Morrison Hotel in Chicago, President P. Hart presiding.’ 

The roll call showed the Sections, Directors and number 
of members each represented.* 

Members of the Executive Board present were: Porter 
Hart, D. M. Boyd, Jr., J. T. Vollbrecht, R. T. Sheen, W. A 
Wildhack, W. H. Brand, J. M. Ribble and National Com 


ISA Jownnd 


lef 


$i 


sem | OO OO) eee we ee OO mw! FOZ Oooees 





a 


e FRSESE 


a 
# 


See8S 


bee 


t the 
g.* 


orter 
y. A. 








mittee Members: Charles W. Covey (Publications), Robert 
J. Jeffries ( Educational), M. S. Jacobs (Sections and Mem- 
bership), F. H. Trapnell (Society Structure and Planning), 
R. D. Webb (Nominating). 

The Nominating Committee’s slate of officer nominees 
for 1954 was as follows: For President — W. A. Wildhack 
(Washington); for Vice President — C. A. Hansen, Jr. 
(Eastern New York), for Vice President — A. H. Peterson 
(Pittsburgh ), for Secretary — R. T. Sheen (Philadelphia). 
The name of D. C. Little of Louisville Section was presented 
to fill the vacancy left by the death of Mr. Hansen. All 
were unanimously elected by the Council. 

The nominating Committee (Chairman Webb) presented 
the name of H. B. Freeman (St. Louis) to fill the vacancy 
left by the resignation of Vice President R. M. Ribble. Mr. 
Freeman was unanimously elected. 

By a vote of 3821 to 1392 the Council approved the rec- 
ommendation of the Special Committee of the President 
to start an ISA Journal. A budget of $15,000 was allotted 
to start the project with the understanding that it would 
pecome self-liquidating. 

The Charter for the Central Keystone Section (Central 
Pennsylvania) was granted. 

The record of membership growth was reported as fol- 


lows: 


Number of Number of 


Year Sections Members 
January 10, 1946 17 900 
August 1, 1946 21 1,075 
August 1, 1947 32 2,296 
August 1, 1948 41 3,280 
September 1, 1949 47 3,880 
September 1, 1950 52 4,298 
September 1, 1951 52 4,549 
September 1, 1952 58 5,597 
July 15, 1953 65 6,791 
September 1, 1953 66 6,900 (Estimate) 
A financial review as of June 30, 1953, showed: 
ASSETS 
ee siden ac Gucpein aed $ 49,418.93 
Investments es intaectiontniciepeiseay aneltacaigat ana aaa 
Other assets .....00000000000.. RUSE ne, Aarne Ss steaisbilaea 22,090.03 
EE eT eS Oe ...$201,508.96 


LIABILITIES 
Deferred Income 
Chicago and Philadelphia shows .................... $136,462.42 
Surplus January 1, 1953 less 
excess of expense January 1, to 
lA a EY Le ... 65,046.54 


Total Liabilities and Surplus . $201,508.96 





*Akron (none—35), Albuquerque (E. L. Dexter, A. P. Gruer, alter- 
nate—35), Aruba (none—25), Atlanta (L. M. Crowe—38), Baltimore 
(F. M. Gregloit—133), Baton Rouge (Ray Moody—48), Blue Ridge (L. E. 
Siler—36), Boston (J. A. Ford—165), California (J. R. Bradburn—320), 
Carolina Piedmont (W. A. Wilkinson, R. E. Steveken, alternate—45), 
Central Illinois (J. R. Shaffer—33), Central Indiana (L. C. Stewart— 
87), Central New York (none—33), Central Ohio Valley (none—14), 

(E. I. Thomas—89), Chicago (P. E. Cary, J. H. Cuthbert, 
alternate—337), China Lake (none—9), Cincinnati (none—91), Cum- 
(none—118), Columbus (none—32), Cumberland (R. N. Wilson 

—34), Denver (Lester Roberts—80, Detroit (Wallace Moline—69), 
n New ork (George Gardner—79), Fox River Valley 
Marvin Gade, John Redgrave, alternate—53), Houston (R. E. 
eill—203), Kalamazoo Valley (J. W. Beardsley—23), Kansas 
(H. W. Haman, O. L. Boutros, alternate—68), Lake Charles 
f W. Groendycke, W. L. Willoughby, alternate—27), Louisville (D. C. 

, C. M. Bosworth, alternate—49), Milwaukee (C. W. Chipley—44), 
Montreal (J. Hillen—97), Muscle Shoais (none—44), New Jersey (W. D. 
wae 90), New York (A. K. Joecks, R. J. Rimbach, alternate— 

), Niagara Frontier (G. L. Kellner—133), North Texas (none—14), 
Northern California (George Friedrich—102), Northeast Tennessee (L. 0. 
Harrell-$1), Northern Indiana (W. F. Kayes, J. B. Beckman, alternate 

8), Oak Ridge (S. A. Hluchan, W. J. Ladniak, alternate—91), Ogle- 
( (J. R. Upson—32), Paducah (E. M. Blacksher—141), Panhandle 
por ed Permian Basin (none—29), Philadelphia (George N. Ehly— 
ine’ Pittsburgh (A. H. Shafer, M. S. Jacobs, alternate—293), Presque 
a B. Gray, H. F. Rondeau, alternate—27), Richland (R. C. Mann 

), Rochester (Alfred Harmon, Gerald Akins, alternate—82), 
Sebine-Neches (R. Littleficld—50 Sarnia (none—82), Savannah River 
fpone—97), Seattle (Russell E. Winslow—97), South Texas (W. B. 
56 ), St. Louis (Carl E. Werstler—124), Toledo (R. W. Smith 
dex’ Toronto gene) Tullahoma (Andrew Huson— 80), Tulsa 

Fox—99), Twin Cities (Howard Ecker—39), Washington (G. M. 
Rolls—71), Wayne County (Robert J. Karr—108), Wichita (H. T. 
Feiertag—43), Wilmington (Harry Rash—109). 
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1954 BUDGET 


Ne ERR Re toy. ea Ete 8 I ET secerenseeceeneenenee 00,400.00 
Expense ae 
Estimated increase in Surplus.................... $ 47,300.00 


New sections added since September, 1952, were reported 
as follows: Blue Ridge (Virginia), Paducah (Kentucky), 
Seattle (Washington), Oglethorpe (Savannah, Ga.), Wichita 
(Kansas), Tullahoma (Tennessee), and Milwaukee (Wis- 
consin). 

Technical Committees and number of members at this 
time totaled 135 as indicated below: 
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Se EY  Senccccdhetbecesiveccsecetaensunsdtadieats 6 
Ee ie cana ene. e os ees + 6a oahe eee eeneaeen 3 
DO  , WNED ccc ccces cnccccccnessstessneseeve 3 
D-14 Aeronautical ....... Mien eed 4 sb be bC00 24 0beenerheesen 2 
BES GED TRG. TERED ccccccccvcvcccoccesasceses 9 


Executive Board Meeting — September, 1953 

A meeting of the Executive Board was held on Septem- 
ber 24, 1953, at the Morrison Hotel in Chicago, President 
Porter Hart presiding. Members present were: Porter 
Hart, W. H. Brand, D. M. Boyd, H. B. Freeman, R. T. Sheen, 
W. A. Wildhack, and J. T. Vollbrecht. Guests present were: 
D. C. Little, A. H. Peterson, P. V. Jones, Jr., C. W. Covey. 

The Board agreed on the following assignments for 1954: 
W. H. Brand — First Vice President; D. C. Little — Tech- 
nical Division; Axel H. Peterson — Operations Division; 
and H. B. Freeman — General Relations Division. 


J. T. Vollbrecht suggested that an ISA organizational 
chart be prepared and R. T. Sheen moved that president- 
elect Wildhack prepare such a chart. Copies were to be 
distributed to the Board Members for comment prior to 
their next meeting. 

Because the Council had approved the Board’s recom- 
mendation for the publication of the ISA Journal as an in- 
dependent publication, the Society Manager was instructed 
to consult with the Publications Committee, Finance Com- 
mittee and other committees and Board members, as ap- 
propriate, and prepare pians for a tentative schedule for 
the various stages of starting the publication. Jones and 
Wildhack reported on a meeting they had held with Covey 
and Ross of the Publications Committee on Wednesday, at 
which suggestions, advice, and offers of further cooperation 
were received from Ralph Batcher, Chief Engineer, Radio- 
Electronics-Television Manufacturers Association and from 
William Dudley of Gulf Publishing Company. 


Because the agreement with the Instruments Publishing 
Company would be terminated within a year, the Board 
agreed that it would be satisfactory to renew their agree- 
ment, which expired on December 2, 1953, on the same 
terms until the new publication came out rather than to 
negotiate more favorable financial arrangements as had 
been recommended by the Finance Committee. 


The Board agreed that Hart, Wildhack, Vollbrecht 
and Peterson would meet with the Exhibit Manager to nego- 
tiate changes in the exhibit management contract, if nec- 
essary before the next Board meeting. 


Inasmuch as several members of the Board were to par- 
ticipate in the Southeastern Instrumentation Conference 
at Gainesville, Florida, on February 1-3, it was decided, 
upon invitation of R. T. Sheen to schedule a Board meet- 
ing at St. Petersburg, Florida, for February 4-5. 

It was recognized that the problems of launching the new 
publication, reviewing committee assignments, preparing 
the Society Handbook, launching the corporate member- 
ship campaign, and preparing for the International meet- 
ing, would probably necessitate more frequent Board meet- 
ings than usual, as well as more correspondence and re- 
ports for the Board, and more frequent reports to the Coun- 
cil. 
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THE FIELD OF INSTRUMENTATION 
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Ca nning AUTOMATIC CONTROL AND AUTOMATION 
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William G. Rowell (right) Scully Signg Ri 
mpany chief engineer demonstrates j s 
mpany president, Frank P. Scully, ths C 
new “constant operation,” self-checkin | ai 
and fail-safe monitoring system. Designey | 10 
for monitoring industrial and commenig ‘ 
applications, the system is continugly N 
cillated by a simulated safe-unsafe on s} 
dition. Failure of the safe condition moyj 
red or the system itself sounds an agg I 
initiates corrective action. System hy ol 














been tested on applications involving fix 
detection, mechanical operations, pholp 
ell intrusions, liquid level and boiler fy 
flame. 
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Aircraft tire testing at B. F. Goodrid w 
mpany depends on this BaldwinLine | ac 
Hamilton tire load recorder system. Ref A 
rder (right) governed by load signas PC 
from SR-4 strain gages on the test stand 
transmits a controlled pneumatic signal 
position a diaphragm motor valve whi | 
regulates the road load of the tire beim | 
tested. Together with a Brown whl 
speed recorder and other panel equip; 
ment this system provides automatic rep 
tition of successive tests for comparis® 
ind evaluation 


< 


Computers in the insurance business= 
this is a part of the quarter-million-dollat 
ElectroData wprasnie—mwy electronic Co | 
puter recenily installed at General Ina | 
ance Company of haste headquanes | 
in Seattle, Washington. Included @ 
magnetic tape storage units, each 

ing the equivalent of 50,000 punched 
cards. Designed for transfer of infomm 
tion to and from standard accounting a 
chines, the computer will compute pe | 
miums, reports, verify claims and perlom 
many other data processing jobs. 
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A birds-eye view of Penn State’s new $300, 
000 research reactor. Similar to the Oak 
Ridge BSF Reactor, this unit is primarily a 
source of neutron beams. Control and re- 
cording equipment are c ntained in cubical 
at right and electric drive unit for control 
rods is seen at centel directly over the 
“swimming pool’. Engineered by Leeds & 
Northrup, the measuring and controlling 
systems guide initial start-up, intermediate 
build-up, automatic control at the operating 
power level and ‘hree stages of shut-down 


or “scram . 


Push-button infrared analysis is now possible with 
this new Beckman IR4 infrared spectrophotometer. 
Once adjusted by a qualified operator, for a particular 
analysis, you need only to insert a sample and push 
the start-button. The curve is made unattended and 
the chart stops automatically at the start point for the 
nextrun. The IR4 combines a double monochromater 
with double-beam, optical null operation. For more 
accurate analysis it may be operated single beam. 
Adjustable scanning speeds from 3 to 12 hours are 
possible. Chart calibrated in Kayser wave numbers. 
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You're looking at the file cabinet of tomorrow's office 
—it’s the magnetic tape file of the Datamatic 1000 
high-speed data processing system. The single 2700 
foot spool can store the equivalent of about a half 
million punched cards. The system can search 16 
files simultaneously within 11 minutes to find any 
specific data. Datamatic, a jointly owned venture 
of Minneapolis-Honeywell (60%) and Raytheon (40% 
is producing this 1.5 million dollar coordinated offi 
system to efficiently process the tremendous mass of 
data required in today’s business operations 








FREQUENCY AND TRANSIENT response represent the 
two methods in use today for experimentally determining 
the dynamic behavior of process control systems. The po- 
tentiality of the frequency response method as a powerful 
analytical tool is unquestioned. The mathematics involved 
are relatively simple and can be handled readily by most 
control engineers. For example, a question such as system 
stability can be answered merely by the addition and mul- 
tiplication of a few simple algebraic quantities. 

On the debit side of the picture, the equipment needed 
for obtaining the frequency response data is rather complex 
and expensive. The sine wave generator alone represents 
an investment of $1,000 to $3,000, depending upon the ver- 
satility required. For this reason alone, very few proc- 
essing plants can afford the complete set of test equipment 
needed to obtain frequency response data directly in field. 

Transient response methods, on the other hand, require 
only a modest investment in test equipment. In some cases, 
existing process control and recording equipment may be 
entirely suitable for obtaining transient response data. 

Obviously then, one approach to the problem of systems 
analysis would comprise the following three steps: (1) 
Utilization of transient techniques to obtain the dynamic 
behavior of the system; (2) Conversion of the transient 
data to the frequency form; (3) Application of the fre- 
quency response data in the final analysis of the system. 

It is the purpose of this paper to present an actual ap- 
plication of the above techniques to the analysis of a tem- 
perature control system on a Dubbs cracking furnace. 


*Presented at the Los Angeles Section ISA Meeting of November 9, 
1955. 


Fig. |. 


Four pen pneumatic strip chart recorder. 
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A Practical Application of Tratsie 


to Process Contri$y 


Technical Considerations 


Before proceeding with the example of the cracking fy. 
nace, some of the factors to be considered when using the 
transient method will be discussed briefly. 

The importance of a good signal to noise ratio, when a 
curate dynamic data are desired, can not be overemphasized, 
This is true by whatever method the data are being ob 
tained. The transient method, however, is particularly 
sensitive to poor signal to noise ratios and in some cases, 
entirely meaningless results are obtained. One _ possible 
solution, of course, is to obtain several sets of data unde 
the same conditions and to average the results. This, in 


' 





-_ 


a sense, is the application of a statistical method to remove | 


the random fluctuations from the signal component. The 
problem of signal to noise ratio arises whenever it is uw 


desirable, for one reason or another, to introduce into the | 


process a step disturbance greater in magnitude than the 
normal random fluctuations. 
A second limitation of the transient response method is 


that the experimental data may not clearly define dead | 


time or dead period lag. This is especially true when thre 
or more time constants may also be associated with the 
process. The transient response curve of a system con 
taining two or more significant time constants is “S” 
shaped in character with a very small gradient or slope 
at the beginning of the transient. It may be difficult to 
distinguish between the end of the dead period lag ané 
the beginning of the transient, especially if the recording 
equipment being used contains loose linkages or if exce® 
sive friction is present. When the process under considert 
tion contains only two time constants or less, plus a dead 
period lag, this problem is not too serious. Fortunately, 
the mathematics for these latter systems are simple enough 
to allow an analytical evaluation of the dead time from 4 
consideration of the entire transient curve. 

The transient method generally requires less experimel 
tal time than does the frequency response method. As 4 
rule-of-thumb, the total time for the test will be on the order 
of five times the longest time constant plus the system dead 
period lag. This in general will be ample time for the sy* 
tem to describe its complete transient behavior and to st# 
bilize at its new equilibrium value. The shortness of test 
time is particularly attractive when a system characterized 
by long time constants is under study. 

A second advantage of the transient response data is that 
the system gain may be obtained immediately. In the 
frequency response technique, this quantity is referred © 
as zero frequency gain which plays an important part i 
the over-all system analysis. 
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Conversion to The Frequency Domain 


Once the experimental transient data have been obtained, 
the problem then reduces itself into a series of mathemati- 
cal manipulations. The first of these is the conversion of 
the data into the frequency response form. Several meth- 
ods are available by which this may be accomplished. If 
the system under consideration contains not more than 
two time constants plus a dead period lag, then the con- 
version may readily be effected by a process of curve-fitting. 
As the name implies, curve-fitting is the mathematical pro- 
cedure of determining an empirical equation which satis- 
factorily represents the experimental data points. In gen- 
eral, the system time constants appear as parameters in 
the derived empirical equation. From these parameters, 
the transfer function can often be written directly. Con- 
version of the transfer function to the final frequency re- 
sponse form is then easily accomplished. 

If the system under consideration contains more than 
two time constants, or if the system exhibits non-lineari- 
ties, other than dead period lag, then a different method of 
converting the transient data to the frequency domain must 
be employed. A graphical-analytical method such as the 
Fourier-Analysis can be applied in such an instance. With- 
out delving too far into the theory of the Fourier-Analysis, 
suffice it to say that the method determines the magnitudes 
of the various frequency components which contribute to 
the transient at any point along its course. There are sev- 
eral modifications of the Fourier method which may be 
used. One of the simpler varieties which is graphical in 
nature, and easy to apply was recently described by Teas- 
dale in the October (1955) issue of Control Engineering. 


It is generally agreed that the dynamic characteristics of instruments and 
Process systems must be determined before optimum process control can be 
obtained. Frequency response and transient response techniques are becom- 
ing more commonly used to obtain this data. 
a case history of applying these techniques to the analysis of a temperature 
control system on a petroleum cracking furnace. Transient techniques are 
used to determine dynamic characteristics. These are converted to frequency 
form, and the frequency data is then used in final system analysis. 


April 1956 


by Charles G. Laspe 


Shell Oil Company 
Wilmington, California 


It is appropriate to point out at this time that any meth- 
od of harmonic analysis, whether graphical or analytical, 
requires considerable calculating and/or graphing effort. 
The procedure of curve-fitting should be investigated first. 
If this method fails to give a recognizable transfer func- 
tion, then one may resort to the method of harmonic analy- 
sis. 

In the latter event, the availability of a general purpose 
digital computer will reduce the calculating effort to a small 
value. 


Equipment Used in Transient Techniques 


Essentially, four items of test equipment are required to 
obtain transient response data from a process. These in- 
clude a recorder, an amplifier, a step-change generator and 
an appropriate transducer. This paper will now describe 
a test system in which all of the above items are pneumatic 
devices which are compatible with existing 3-15 psig pneu- 
matic control systems. 

Fig. 1 shows a home-built, four-pen, strip-chart recorder. 
Each pen is connected directly to a standard 3-15 psig re- 
ceiver bellows. The small fifth pen at the right of the 
chart is cam-driven by a one r.p.m. clock motor and pro- 
vides timing reference marks. The chart is driven by a 
conventional instrument balancing motor and through a 
set of interchangeable gears provides three chart speeds: 
1” per min., 5” per min., and 25” per min. The air con- 
nections to the receiving bellows are made by means of 
the four quick-disconnect hose fittings which are visible 
to the rear of the recorder housing. 

Many times the operating departments will permit only 
a small disturbance to be made in their plants. In order 
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Fig. 2. Two channel 
pneumatic amplifier 


Fig. 3. 
generator 


Step change 





to magnify these disturbances so that accurate measure- 
ments may be made, obviously an amplifier is needed. Fig. 
2 shows a home-assembled two-channel pneumatic ampli- 
fier. From the photograph, this particular model will be 
recognized as a Taylor ‘“Fulscope”’ dual proportional con- 
troller. However, any standard proportional controller, 
with good frequency response could serve equally well. This 
amplifier provides a calibrated gain, variable from 0-20 
and a zero suppression from 0-100% of scale. The propor- 
tional band adjustment knob serves as the gain control 
whereas the set-point knob adjusts the zero suppression. 

The third item of equipment required for transient re- 
sponse measurements is the step-change generator, Fig. 3. 
Ussentially, this device consists of two regulated pressures 
which are indicated by the two right-hand gauges. The 
two-way air switch permits the selection of either of these 
two pressures at the controlled outlet marked P1/P2. The 
left hand gauge is an indicator only and has no connection 
with the main function of the step-change generator. Quick 
disconnect hose couplings are used for rapid assembly of 
the test equipment. 

Fig. 4 shows a typical “set-up” of the test equipment 
ready for use and illustrates the facility with which the 
connections are made by using the pneumatic “patch-cords”’. 

The pneumatic signal representing the measured variable 
must be derived from some type of transducer. In trouble 
shooting an existing control system, a pneumatic trans- 
mitter may already be available. If on the other hand, a 
directly operated controller is available, it can be utilized 


Fig. 4. Assembled equipment ready for test. 
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Fig. 5. 
response characteristics of a Dubbs Cracking Furnace. 


Schematic hook up of test equipment to determine transient 


as a transmitter by disabling the automatic reset and rate 
action (if any) and by setting the proportional band to 
100%. 


Application to Furnace Control System 

An example of an application of the previously describeg 
test equipment for transient analysis is dia 
grammed in Fig. 5. Here a Dubbs cracking furnace tem. 
perature control under study. Note that the 
control loop has been opened at the points labeled A-A 
Both the valve pressure and the transmitter output signals 
are amplified before being applied to the four-pen pney- 
matie receiver recorder. 

To assist in the analysis of the control system, the sche 
matic temperature control loop has been converted into the 
block diagram form shown in Fig. 6. 
blocks are all the items which may contribute to the sta 
bility and performance of the system. As will be shown 
later on, however, the process itself presents the only sig. 
nificant time lags. 

The first step in the experimental procedure is to ste 
bilize the process on manual control by utilizing one regu 
lated pressure in the step-change box. Then, a step-change 
forcing function is applied to the top of the diaphragm mo 
tor valve and the resulting transient response curve is re 
corded. The magnitude of the step-change introduced is 
dictated by the system gain and by the allowable plant 
upset. Values of 0.5 to 2.0 psig are quite reasonable and 
convenient. A replot of the original data taken from the 
Dubbs Furnace studies is presented in Fig. 7. The rab 
dom fluctuation of the data points is probably due to load 
changes occurring during the test period. 


response 


system is 


Analysis of The Open Loop Transient 

By means of the curve fitting procedure outlined earlier 
in this paper, the transient data were found to be repre 
sented adequately by two time constants of 6.90 and 1.03 
minutes respectively plus a dead period lag of 1.06 min 
utes. The value for the process gain (K 2.11) was ob 
tained from the original transient record. From these 
values, the transfer function shown in Fig. 6 may be writ 
ten directly. 

A resume of the dynamic characteristics of each com 
ponent in the control loop is listed in Table I. The data 












































Fig. 6. Block diagram of Dubbs Furnace temperature control loop. 
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TABLE | 


DYNAMIC CHARACTERISTICS 
OF COMPONENTS IN TEMPERATURE CONTROL LOOP 


<< SC 


System Rm Break Frequency 
Oo ————— a eck 
Ti = 6.90 min. 0.023 c.p.m. 
| ficeding Tg= 1.03 min. | 0.154 c.p.m. 
transmitter) | gee “7 min. 
oe 
| Transmission T: = 0.40 secs. 23.9 c.p.m. 
i Line #! Ta=0.23 secs. 
| (225°=/4" Cu) | K=1.0 
| ————— — 
| Controller (T)2=0.20 secs. 47.8 c.p.m. 
Ta =0.05 secs. 
6 =1.0 
K =Variable 
| Transmission Ti = 2.0 secs. 4.78 c.p.m. 
| Line #2 Ta=0.23 secs. 
| Including Valve K =1.0 
| Top Works 


| | 





for the transmission lines and for the controller have been 
calculated from results of laboratory tests on these items. 

The important fact gleaned from the above table is that 
the dynamic responses of the transmission lines and the 
controller are completely out of the picture. They have no 
influence upon the stability or performance of the control 
system. The response of the No. 1 transmission line is over 
1000 times as fast as that of the temperature process. 


Open Loop Frequency Response 

Using standard techniques, the transient response data 
have been converted to the frequency response form. Fig. 
8 isa “Bode” diagram of amplitude ratio versus frequency 
for the process alone and for the process plus the con- 
troller. Several sets of controller adjustments were in- 
vestigated to arrive at optimum values. 

Fig. 9 shows the “Bode” plot of phase shift as a func- 
tion of frequency. Note that the phase curve crosses the 
—180° ordinate at a frequency of 0.145 cycles per minute. 
This is the same as the “ultimate” frequency used by Zieg- 
ler and Nichols in their method for tuning controllers. Also, 
note in the figure, that by a judicious use of rate action, 
the —180° crossover point has been extended to 0.26 cycles 
per minute for the one set of instrument adjustments. The 
significance of this point will be discussed in a later section 
of this paper. 


Closed Loop Frequency Response 


In order to predict the response of the control system, 
both to set-point changes and to load changes, it is neces- 
sary to convert the open loop data to the closed loop form. 
This is most readily accomplished by the use of a Nichol’s 
diagram, the explanation of which may be found in any 
text on servomechanism theory. Fig. 10 illustrates the 
closed loop frequency response curve of the temperature 
control system for several combinations of controller ad- 
justments. The shape of the curves in Fig. 10 are typical 
of an underdamped second order system. Two important 
quantities obtained from this plot are the magnification 
M” and the resonant frequency w,. 


Response to Set Point Change 


Using the observed magnification and 
quency, it is possible to estimate the transient response of 


He 7. (Outside top column) Open loop transient response of a 
tool _pwneee transfer line temperature to a step change in the 
Fig. 8. (Second from top) Open loop frequency response of Dubbs 
urnace temperature control system. 
Fig. 9. (Third from top) Open loop frequency response of a Dubbs 
ce temperature contro! system. 


Fig. 10. (Bottom) Closed loop frequency response Dubbs Furnace 
temperature control system. 
April 1956 
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Fig. 11. Closed loop transient response of Dubbs Furnace tempera- 
ture control system to a set point change. 


the control system to a set point change. Fig. 11 shows 
the estimated transient based upon the “Second-Order” ap- 
proximation. That the approximation is fully justified, 
in this case, the experimentally determined data points 
bear out. Note that several load disturbances occurred 
while making the test run. 

A return to Fig. 9, presents an opportunity to explain 
the significance of the —180° phase shift point and its re- 
lation to speed of transient response. The frequency at 
which this point occurs, represents the upper limit of the 
useable bandwidth which the control system can safely 
pass. Now the rate of rise of any transient is directly re- 
lated to the system bandwidth. In order to provide speedy 
response to set point changes and speedy recovery from 
load changes, it behooves one to utilize controller settings 
which provide as wide a bandwidth as possible. 


Response to Load Changes 

The response of the control system to a load change can 
be obtained from a knowledge of the open and closed loop 
transfer functions and from a knowledge of the point at 
which the load disturbance occurs. In the frequency do- 
main, this computation is relatively simple. If the load 


Fig. 12. Frequency response of Dubbs Furnace temperature control 
system to a load change. 
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change is assumed to occur at the outlet of the fy 
(the worst possible location), then the response of the 
tem is simply the closed loop response minus the open 
response. Fig. 12 is a plot of the regulation Provided }y 
the furnace temperature control system. 

In the analysis of Fig. 12, one concludes that the ay 
tem is very sensitive to rapidly occurring load Change, 
If, on the other hand, the change is gradual and occurs 
over a period of, say, 50 minutes, then the contro] System 
will be able to attenuate the effect of the change to aboy 
14% of its actual value. Bear in mind that the Tesponge | 
curve is predicated upon a sinusoidal load change. Should | 
it so be desired, the conversion of Fig. 12 into the transient | 
form can be accomplished by a graphical-numerica] com: 
putation. 


Conclusions 

Transient response techniques can be successfully ap 
plied in process control systems analysis. Relatively jp. 
expensive or home-built pneumatic test equipment hay 
proved entirely satisfactory for many applications. Using 
the above techniques and equipment, a Dubbs furnace tep. 
perature control system was investigated. The results of 
this investigation correlated very well with the contr 
system behavior as noted in the plant. The main con 
clusion reached, concerning the furnace control wag the 
fact that the process itself was the limiting factor in the 
system stability. Little, if any, improvement could be o 
tained by specifying other or more sophisticated control 
equipment in the control loop. A secondary result of the 
present investigation provided an optimum combination of 
controller adjustments. 
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“ELECTRONIC CIRCUITRY” Milton H. 
Aronson and Charles F. Kezer; Imstru- 
ments & Automation Vol. 28-No. 5, pp 
798-799, May, 1955. Five more basic cir- 
cuits, including details of circuit param- 
eters, are given. Among circuits are 
simple square-wave generator, permeabil- 
ity-turned r-f oscillator, a-c utum, fail-safe 
signal-loss alarm, and transient peak 


voltmeter. 

“INSTRUMENT AIR DRYERS” G. L. 
Simpson ; Instruments & Automation Vol. 
28-No. 5, pp 800-802, May, 1955. Pointed 
discussion on instrument air reveals pit- 
falls and practical tips concerning use 
of high-quality air systems. Novel “3-D” 
psychrometric chart dramatizes air con- 


ditions. 
. “LEVEL CONTROL” E. Fleming; In- 


struments & Automation (SCMA) Vol. 
28-No. 5, pp 809-815, May, 1955. Author 
points up factors in proper selection of 
level controllers. Some of these are lover 
actions, pilot-operation, displacement con- 
trollers, lubblers, and the altitude valve. 
“THE PHYSICS OF CLOCKS AND 
WATCHES” J. F. W. Bishop; Jour. Sci. 
Instr. (London) Vol. 32-No. 8, pp 289-293, 
Aug. 1955. Operation of watch and clock 
mechanisms is discussed in light of time- 
keeping errors and theirf causes. Review 
of mechanical cloexs includes pendulum, 
circular, temperature, barometric and es- 
capement errors. Short account is given 
of marine chronometer and quartz oscilla- 


tor. 

“AN OPTICAL ABSORPTION CELL 
FOR USE AT LOW TEMPERATURES” 
V. Roberts; Jour. Sci. Instr. (London) 
Vol. 32-No. 8, pp 294-296, Aug. 1955. 
Description of transmission type cell de- 
signed for making electrical and optical 
measurements on solid specimens. Im- 
mersion in liquid hydrogen and _ liquid 
helium give operation over seventeen hours 
and one hour respectively per filling. 

“A SIMPLE METHOD OF MEASURING 
THE DYNAMIC YOUNG’S MODULUS 
OF CONCRETE” J. P. A. Lochner and 
W. De V. Keet; Jour. Sci. Instr. (London) 
Vol. 32-No. 8, pp 296-299, Aug. 1955. 
Young’s modulus E is determined from 
fundamental transverse frequency of bar 
utilizing calibrated Helmholtz resonator. 
7 references. 
“LOW COST, BATTERY-OPERATED 
OSCILLATORS AND DETECTORS FOR 
A.C. BRIDGES” M. D. Armitage; Jour. 
Sci. Instr. (London) Vol. 32-No. 8, pp 
300-302, Aug. 1955. Relative merits of 
subminiative tubes and transistors are 
compared for use in battery-powered os- 
cillators and amplifiers. Oscillator with 
output of 1.0 volts at 1000 eps in 1000 
ohms and amplifier capable of detecting 
0.01 millivolts are both described. 

A PORTABLE TWENTY-FOUR CHAN- 
NEL KICKSORTER” G. F. Von Dardel; 
Jour. Sci. Instr. (London) Vol. 32-No. 8, 
pp 302-307, Aug. 1955. Twenty-four 
channel kicksorter utilizing twenty-five 
tubes and eight relays has been designed 
with normal channel width of 2 volts. 
Level of bottom channel is variable from 
0 to 100 volts and instrument consists of 
two units with total weight of approxi- 
mately 80 unds. 12 references 


-“A SIMPLE MICROCALORIMETER 


FOR HEAT OF SOLUTION MEASURE- 
MENTS” W. P. Hutchinson and A. G. 
White ; Jour. Sci. Instr. (London) Vol. 
32-No. 8, pp 309-314, Aug. 1955. Descrip- 
tion given for microcalorimeter which 
employs a 50ml. Dewar flask and a 
: istor for sensing temperature. Heat 
changes of about 1 calorie can be meas- 
ured with precision of + 0.3 percent. 8&8 


references. 
A SUPERCONDUCTING MODULATOR” 
By Templeton; Jour. Sci. Instr. (Lon- 
) Vol. 32-No. 8, pp 314-315, Aug. 1955. 
ew d-c amplifier used at liquid helium 
ares and based on magnetically 
A ulated tantalum wire is described. 
fedlication of instrument as null detecter 
or very small voltage measurements in 
is described. 


liquid helium bath 
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“PREPARATION OF COPPER-CON- 
STANTAN THERMOCOUPLES” E. F. 
Kiernan; Jour. Sci. Instr. (London) Vol. 
32-No. 8, pp 321-322, Aug. 1955. Shop 
technique described for making copper- 
constantan couples from 1 mil wires and 
using 224% volt “B” battery as sources of 
welding energy. 

“A THERMAL CONDUCTIVITY GAUGE 
FOR USE IN GAS-LIQUID PARTITION 
CHROMATOGRAPHY” D. Ambrose and 
R. R. Collerson; Jour. Sci. Instr. (Lon- 
don) Vol. 32-No. 8, pp 323, Aug. 1955. 
Description of novel thermal conductivity 
cell utilizing thermistors in Wheatstone 
bridge. Bridge is energized by 2 volts 
battery and output is in order of 3 
miilivolts. 

“USING TRACERS IN REFINERY CON- 
TROL” D. E. Hull; Nucleonies Vol. 13- 
No. 4, pp 18-21, April, 1955. Tracer 
methods are described for measurement of 
flow rate, mixing and separation efficien- 
cies, leakage, volume, and flow pattern. 
9 references. 

“AN IMPROVED D-C AMPLIFIER FOR 
REACTOR CONTROL” E. J. Wade and 
R. S. Stone; Nucleonics Vol. 13-No. 4, pp 
28-30, April, 1955. Amplifier design in 
article overcomes ordinary difficulties of 
slow response and excessive zero-drift. 
Discussion of circuit design in terms of 
transfer junction is included. 

FILLINGS MAKE ION CHAM- 
BERS INSENSITIVE TO O. CONTAMI- 
NATION” U. Facchini and A. Malvicini; 
Nucleonics Vol. 13-No. 4, pp 36-37, April, 
1955. Use of A-No mixtures permits quick 
chamber filling and up to one-half percent 
Oe contamination can be tolerated. Basis 
is electron energies being kept in region 
of low Qs electron-capture cross section. 
BREMSSTRAHLUNG DETEC- 
TION BY A SCINTILLATOR FOR SIM- 


PLIFIED BETA COUNTING” Robert 
Loevinger and Sergei Feitelberg; Nu- 
cleonics Vol. 13-No. 42, pp 42-45, April 


1955. Well-type Nal crystal assays p*- 
with 0.8 count per 100 disintegration 
efficiency. Liquid samples offer a method 
preferable to G-M counters. Emission 
mechanisms are discussed. 16 references. 


- “INTERCOMPARISON OF FAST-NEU- 


TRON DOSIMETERS” H. H. Rossi, G. S. 
Hurst, W. A. Mills, and H. E. Hunger- 
ford, Jr.; Nucleonics Vol. 13-No. 4, pp 
46-47, April, 1955. Tissue-equivalent ion 
chamber is compared to recoil proportional 
counter dosimeter on fast neutron appli- 
cations using Po-Be and _ accelerator 
sources. Energy range-dose and source- 
dose tables are included. 

“WEIGH-BAR APPARATUS FOR MEAS- 
URING FORCES RESISTING BALLIS- 
TIC PENETRATION” J. M. Krafft; Rev. 
Sci. Instr. Vol. 26-No. 6, pp 539-542, June 
1955. Description of Hopkinson bar wire 
strain gauge technique for measurement 
of projectile penetration force as time 
function. Strain wave is measured with 
oscillograph and pattern is direct and 
continuous measure of penetration force. 
Comparison with precision optical chrono- 
graph have shown increased simplicity 
end accuracy. 

“CRYSTAL TECHNIQUE FOR MEAS- 
URING CYCLOTRON BEAM’ ENER- 
GIES” Charles J. Delberg, Warren J. 
Ramler, Sol R. Rocklin, and Philip H. 
Yuster; Rev. Sci. Instr. Vol. 26-No. 6, 
pp 543-546, June, 1955. Lithium chloride 
crystal can be used as energy measurement 
device. Depth of penetration of a color 
change under irradiation is key to meas- 
ursment of beam energy and angular 
oriention of deuteron beam trapectory. 


. “NEW MULTICHANNEL RECORDING 


TIME-DELAY ANALYZER” P. G. Koontz, 
C. W. Johnstone, G. R. Keepin, Jr., J. D. 
Gallagher; Rev. Sci. Instr. Vol. 26-No. 26, 
pp 546-554, June, 1955. Article describes 
new time-delay analyzer with flexible 
time base providing time channels of 
6.001, 0.01, 0.1, 1, and ten seconds width. 
Electric or photographic recording is fea- 
tured together with individual or sequen- 
tial-channel operation. 


709. 


710. 


711. 


713. 


- “TECHNIQUE 


- “CERENKOV COUNTERS WITH THIN 


LUCITE RADIATORS” John Linsley and 
Nahmin Horwitz; Rev. Sci. Instr. Vol. 26- 
No. 6, pp 557-560, June, 1955. Descrip- 
tion of counters used in measurements of 
primary cosmic-ray alpha particle flux. 
Construction is based on cylindrical lucite 
radiators 2.5 cm thick viewed by end- 
window photomultipliers. Resolution fac- 
tors for Cerenkov counters are analyzed 


for influence. 
FOR MEASURING 
SMALL DIFFERENCES IN SURFACE 


TENSION” Niels O. Younr; Rev. Sci. 
Instr. Vol. 26-No. 6, pp 561-562, June 
1955. Method is based on _ horizontal 


capillary having a temperature gradient 
along its axis. Check of surface tension 
for benzene and n-decane shows accuracy 
to within 2 per cent of values in earlier 
literature. 

“THIN GLASS WINDOWS” Arthur 
Hemmendinger and Arno P. Roensch; 
Rev. Sci. Instr. Vol. 26-No. 6, pp 562-563, 
June, 1955. Methods for fabrication of 
thin glass membranes are given. Foil 
thicknesses range around 0.1 micron cor- 
responding to 10-20 Key energy losses for 
1-Mev protons. 

“REFLECTED BEAM X-RAY MONO- 
CHROMATOR FOR GEIGER COUNTER 
DIFFRACTOMETRY” Bani R. Banerjee; 
Rev. Sci. Instr. Vol. 26—No. 6, pp 564-565, 
June, 1955. Bent crystal monochromator 
described for application to specimen-re- 
flected X-ray beam. Adequate resolution 
and diffracted energy measurements were 
obtained. 

“GENERAL PURPOSE X-BAND LAB- 
ORATORY MICROTRON WITH FACIL- 
ITIES FOR ELECTRON EXTRACTION” 
H. F. Kaiser and W. T. Mayes; Rev. Sci. 
Instr. Vol. 26-No. 6, pp 565-567, June, 
1955. A 3-Mev electron cyclotron capable 
of producing approximately twelve elec- 
tron orbits representing energy gains per 
trun up to 255 Kev. Use of magnetic 
shield probe permits electron extraction 
from any orbit. 


. “ELECTRON VACUUM DILATOME- 


TER” M. E. Dooley and D. F. Atkins; 
Rev. Sci. Instr. Vol. 26-No. 6, pp 568-571, 
June, 1955. Principle employed is linear 
variable differential transformer coupled 
to specimen by means of a silica “‘pusher- 
rod”. Instrument used for detection of 
solid phase transformations; curves given 
for low-carbon iron and unalloyed zircon- 
ium. 


“(N, +) DETECTOR FOR STUDY OF 


LOW-ENERGY NEUTRON RESON- 
ANCES WITH A VELOCITY SELEC- 
TOR” R. D. Albert and E. R. Gaerttner; 
Rev. Sci. Instr. Vol. 26-No. 6, pp 572-578, 
June, 1955. Description of neutron cap- 
ture gamma-ray detector for study of 
crutron resonance by time-of-flight meth- 
od. Features are paired annular counters 
using toluene-terphyny! scintillation phos- 
phors, quadruple 5819 photomultipliers, 
and detection efficiencies in the order of 
5 per cent for 1-Mev gammas. 


- “STROBOSCOPE POLARIMETER” G. F. 


Landregren; Rev. Sci. Instr. Vol. 26-No. 
6, pp 578-579, June, 1955. Description of 
instrument to measure optical rotation. 
System involves polarization and sinusoid- 
ally modulated light. Optically active 
sample placed between polarizing disks 
causes phase shift in modulation of light. 
Modulation, observed stroboscopically, is 
proportional to the angular rotation pro- 
duced by the sample. 


. “BETA-RAY SPECTROMETER FOR 


COINCIDENCE MEASUREMENTS” R. T. 
Nichoals, A. V. Pohm, J. H. Talboy, Jr., 
and E. N. Jensen; Rev. Sci. Instr. Vol. 
26-No. 6, pp 580-583, June, 1955. Con- 
struction of intermediate image beta-ray 
spectrometer is presented. Focusing prop- 
erties of U-shaped magnetic field distribu- 
tion, ten per cent transmission with 5.5 
per cent resolution, and auxiliary use of 
scintillation spectrometer are all dis- 
cussed. 


. “NEW ABSOLUTE MANOMETER FOR 


VAPOR PRESSURES IN THE MICRON 
RANGE” F. M. Ernsberger and H. W. 
Pitman; Rev. Sci. Instr. Vol. 26-No. 6, 
pp 584-589, June, 1955. Description of 
absolute manometer for measuring vapor 
pressures in the range 0.5 to 20 microns 
with accuracy and precision better than 
one per cent. 


. “EXPERIENCE WITH PISTON-CYLIN- 


DER BALANCE FOR PRESSURE MEAS- 
UREMENTS” H. H. Reamer and B. H. 
Sage; Rev. Sci. Instr. Vol. 26-No. 6, 
pp 592-598, June, 1955. Piston-cylinder 
balance is discussed as means for measur- 
ing high pressures up to 10,000 psi. Over 
ten year period, calibration is claimed 
to have changed by less than four parts 
in 10,000. 
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* ISA EXPANDS ITS PROGRAM OF EDUCATION AND RESEARCH ACTIVITIES. For 
several years the Society has been working, through its Education, and Structure and 
Planning Committees, on the development of a comprehensive plan for improved Society : 2 
programs and activities with respect to instrument education and research. This work f uw 
has been predicated on the fact that the Society serves primarily as an educational medium | = 
> > * . . . . St 
and a stimulating agency for the benefit of its individual members and the instrument fc 
using and manufacturing industries. 
* . . . . . te 
The Society’s Education Committee, under the Chairmanship of Robert J. Jeffries, pre- I 
pared the first program proposals in 1953. The Society’s Executive Board at that time al 
agreed with the necessity of such a program and referred the matter to the Society ’ 
Structure and Planning Committee. This Committee considered the content of the pro- a 
posals and in September 1955, under the Chairmanship of Phil Sprague, recommended tc 
to the Executive Board a broad program of activities in the areas of education and research, 
essentially as originally proposed by the Education Committee, but taking into account the | of 
possible administrative and financial growth of the Society. The program was accepted, | in 
and, as recommended, a special Presidential Development Commission was established to : 
bring forth an organization, a specific program and means of financing. he 
The first meeting of this Commission was held at St. Petersburg, Florida, on February z 
28 with Robert Jeffries as temporary chairman. The success of this meeting is of great su 
significance to every individual member of ISA and the industry in general. The progress a 
of this Commission and its “plan for action” means a new and positive approach to the a 
single biggest problem facing the instrument and automatic control field — education and hi 
research. 
i i 
th 
i is 
pr 
to 
m 
m 
* * 8 ° ° th 
onsidering Lodays rrobiems in Instrumentation | » 
wl 
Be 
by Dr. Robert J. Jeffries, Technical Planning Advisor, Schlumberger Instrument Co., Ridgefield, Connecticut 
in. 
gil 
Condensation of the introductory address by Dr. Jeffries tion was drawn to a broad view. Gradually and grudging} °? 
before the first meeting of the ISA Education Foundation ly has developed the appreciation of the existence of this} P° 
Development Commission, St. Petersburg, Florida on Feb- new field which has yet to be universally defined. About} &® 
ruary 28, 1956. 1942, the American Association for the Advancement of | sh 
Science organized a committee to define the term. I co! 
THE PURPOSE OF MY REMARKS is to provide a com- brought back approximately 39 different definitions. I 
mon vocabulary and basis for consideration of the problems more recent years, educators, publishers, even organize 
and opportunities inherent to the task before the ISA labor, have adopted the word—pairing it first with feet 
Education Foundation Development Commission. I would back control, then systems engineering, and most recently, 
also hope to provide, in some measure, a perspective on the automation, in an effort to imply in some measure the 
scope and depth of the concerns of the Society with respect breadth of concern and scope of activities. Instrumente 
to educational and research activities in the field of in- tion today, in its broad sense, is fundamentally concerned 
strumentation. with the development and application of instruments ané 
This is a development commission. It is our job to give instrument systems for purposes of measurement, com 
consideration to the many existing and anticipated prob- putation and control. 
lems relating to instrumentation, and ultimately, to focus Instruments and instrument systems exist fundamental 
upon those situations and the possibilities which, in our ly because of the desire for measurement. This desire for 
opinion, represent a practical compromise between what is measurement is usually born out of NECESSITY. When 
most urgently needed—and what is most probable of ac- one is curious, in a scientific way, concerning a phenome 
complishment. non or a condition, his curiosity is manifest in his desife 
For our purposes, instrumentation research is meant to to express quantitatively the factors involved. Science is 
include: “the search for and quantization of fundamental measured knowledge. A fact is not a scientific fact — 
phenomena which will make possible instrumentation tech- it can be quantized in concept, form, or relation. In 0 
niques and equipments plus investigation of potential uses for any science to advance, there is the continued pressul 
of instruments and systems.” the necessity for better measurement technique and aw 
Recognition of instrumentation as a science is belated ments. It is this necessity, first in the sciences, then 
and still far from universal. Lord Kelvin may be con- engineering activities, and now in production a 
sidered the father of the field as a result of his vision and which has fostered the conception and evolution of a 
perception as to the fundamental importance of measure- modern research and production instruments and ins 
ment, but it wasn’t until the 1940’s that important atten- ment systems. a 
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Fundamental to the conception or application of an in- 
strumentation technique or equipment is an understanding 
of the problem. To intelligently conceive a solution to an 
instrumentation problem, one must acquire a detailed un- 
derstanding of the circumstances of the situation, the en- 
vironment, the medium, etc. One must have a thorough 
understanding of the various alternatives available within 
instrument technology; one must be able to apply to his 
solutions the yardsticks of feasibility, probability, per- 
formance, economics, and human nature. 

Today’s process control provides an illustration of the 
technical and economic problems in instrumentation. Con- 
sider a refinery. One may desire to control a temperature 
at the top of a fractionating column. The problem of the 
controller is the maintenance of the desired temperature. 
The problem of today’s instrument engineer is to select an 
appropriate controller, matched to the plant and the process, 
to effect the desired dynamic performance. Ideally he 
should know the characteristics of the plant-process com- 
plex; he should know the characteristics of various modes 
of control—proportional, rate, reset, their combinations and 
interactions—and armed with this understanding, attack 
his problem with an intelligent first guess. Fortunately, 
the controller manufacturer permits him a second guess— 
he can readjust his sights after a near miss—with an 
empirical adjustment of the control knobs inside the con- 
troller case. The controller manufacturers have done a 
superb job of providing today’s instrument engineer with 
a face-saving, soul-saving, job-saving feature of complete 
adjustability over ranges of hundreds to one. With this 
built-in margin, today’s instrument engineer can overcome 
his lack of precise understanding of the dynamic behavior 
of the process and the plant. However, his plant pays for 
his ignorance. To provide this wide range of adjustability, 
the controller is not optimum for any given condition. It 
is an easily demonstrated fact that for a given control 
problem, a specific nonlinear type controller can be made 
to have a performance superior to any of the existing com- 
mercial linear-type controllers. The second, and perhaps 
more important penalty is improper plant design, which is 
the result of the instrument engineer’s lack of understand- 
ing with respect to dynamics of integrated systems back 
when the plant and the process were in the planning stage. 
Because of this, plant designers are excessive and costly. 

Understanding is, then, an important technical factor in 
instrumentation. 

The second technical problem facing the instrument en- 
gineer, and of direct concern to the process designer and 
operations manager, is what should be the prescribed 
point about which control action is to take place. Out of 
experience, out of pilot plant operations, out of balance 
sheet analyses, there gradually emerges a “preferred” 
combination of operating set points which result in a sala- 
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ble product, manufactured hopefully at a profit, in a way 
which permits continual operation. The prescription of 
optimum controller set points is a static problem, mathe- 
matically speaking. Knowing the capabilities of the plant- 
process-controller complex, one could mathematically de- 
rive, either with paper and pencil or with the aid of com- 
puters, the optimum set points. To my knowledge, this 
has just been attempted by a few plants. The need is 
demonstrated by a familiar situation which exists today 
in most plants—every new shift of operators changes the 
set points of the process as they report for work, even 
though all shifts are making the same product from the 
same raw materials with the same plant and process. 


The outstanding economic problem of the processing 
industry is the most effective employment of the plant, 
with its product-making characteristics, in relation to a 
dynamic market and raw materials situation, so as to 
maximize the dollar profit derived from the overall opera- 
tion. This adds two more degrees of complexity to the 
problem of establishing optimum controller settings to 
produce a given product. It adds the question “what 
product,” and the complicated factor of “a variable input.” 
A refinery exemplifies this problem. Its input is a con- 
tinuously varying crude; its output must be tailored in type 
and quantity, from aviation gasoline to road oil, to meet 
an ever-changing market. The operations manager—per- 
haps a vice president—must, in essence, tell the operator 
what his controller set points should be—for it is these set 
points which determine the fractionating or cracking of the 
crude into salable products. There are techniques just 
now emerging in the field of operations research which 
promise to be directly applicable to processing problems of 
this type. 


Why doesn’t the process designer—the plant designer— 
the instrument engineer—the operations manager—-know 
the facts required to select the best contrviier, the best 
set point, the best production schedule? The simple answer 
is that the necessary information isn’t available to them. 
And yet, techniques and technology exist to furnish them 
with the information they would require. One of the 
greatest problems in instrumentation today is the neces- 
sity for communicating the advances in technique and 
technology as they are made to those who need them in a 
way in which they can be assimilated. 


The mathematical and physical concepts necessary to 
predict exactly the type of controller to employ for any 
specified desired dynamic performance of a controlled sys- 
tem have been known for at least forty years. Our chemi- 
cal, mechanical, and instrument engineers have not, until 
just recently, been analytically and dynamically oriented. 
It is to be expected that “long hair’ mathematics will be 
slow in filtering down from the ivory towers into the work- 
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for-profit world. But this alone isn’t sufficient justification 
for the high level of ignorance which prevails today. There 
are experimental, empirical techniques available which any 
instrument engineer could employ to get the information 
necessary to perform intelligent dynamic instrument en- 
gineering. The knowledge of these must be communicated. 

Only within recent years has there been any practical 
revelation of the techniques and applications of experi- 
mental frequency response methods for the analysis of the 
dynamic characteristics of physical systems. Production 
plants and controller manufacturers have very few engi- 
neers competent in the technique. To my knowledge, few 
of the big consultant-construction companies—firms design- 
ing and building processing plants all over the world—have 
engineers who actually know how to use frequency response 
data to deduce the dynamic characteristics of a system. 

This is an appalling fact since all of the necessary in- 
formation has been available in literature since the early 
thirties. It has been taught in electrical engineering cur- 
ricula since the early forties. The mechanical engineers 
have just discovered it within the past five years. 

Closely tied with the need for communication is the need 
for manpower efficiency. It is a criminal waste of time 
and talent for every research worker in medicine, biology, 
agriculture, in any of the sciences, to be forced to start 
from the bottom, so to speak, with respect to the instrumen- 
tation of his problem. It is still true that literally hundreds 
of physiologists, psychologists, medical doctors, geologists, 
chemists, and even physicists, struggle with DC amplifiers, 
slide-wire position transmitters, cathode-ray photography, 
while their own problems wait. 

Practical, efficient means must be found to provide re- 
searchers in all fields with the necessary instrumentation 
equipments and skills—-and this must be preceded, paral- 
leled, and followed by a communication and understanding 
as to the availability and characteristics of modern instru- 
mentation. 

Let us now consider the roles of the instrument manufac- 
turers and users in the evolution of techniques, products, 
information, etc. 

With respect to instrument manufacturers, the situation 
is fairly clear—their efforts are directed toward the devel- 
opment of equipments which, in their opinion, will be profit- 
able. They expend great amounts of time and money to as- 
certain potential markets for new developments. By and 
large, their “research” is rather “product development.” 
They will do little “basic” research, except insofar as it can 
be related to a potential financial return, particularly 
through achievement of a unique competitive position. 
Profit margins in the instrument business simply do not 
permit extensive “basic” research. I am sure that our 
“marketed items” are far ahead of our basic understanding 
of the how and why they work and their limitations. There 
is much room for “catching up” in a systematic, inquisitive 
way. 

Instrument users, in general, might be categorized in 
several ways. 

(a) Instrument purchasers—with no inherent internal 
instrument interests. This group includes the bulk of the 
dollar-volume of instrument sales today, which buys and 
operates instruments as tools. They tend to “follow” in- 
strument technology, buying what is offered, rather than 
“leading” in demanding new things or finding new applica- 
tions. 

(b) Instrument purchasers—with internal instruments 
interests. This group includes major instrument-user in- 
dustries, such as chemical, petroleum, missile manufactur- 
ers, and Government agencies. They attempt to meet these 
needs through instrument development within their own 
organization, through contractual relationship, and through 
legitimate pressure on instrument manufacturers for im- 
proved products. It is this group, by and large, which 
accounts for most of the new developments in instrumen- 
tation today. It is noteworthy that medical and biological 
interests are virtually unrepresented in this group. Mili- 
tary spending frequently provides money to undertake de- 
velopments which could not be justified in a commercial 
sense. Large user-groups such as chemical producing 


142 


plants can afford and must develop new instruments 
current with new products. Their developments 
prove to be relatively expensive equipments in which th 
value of the improved product justified the cost. It is y 
important and significant trend that most new analyticg 
type industrial instruments, such as recording refractom, 
ters, vapor-phase chromatographs, etc., are being born i 
user’s laboratories, and then adopted by instrument Man. 
facturers, who become, in effect, packagers and entrepm 
neurs. 

(c) “Would-Be” instrument purchasers. This group jp 
cludes individuals and organizations, principally engage 
in research, such as usually are found in the biologicg 





sciences, whose immediate interests are in non-commergg 
areas in which they encounter situations which require pg 
or modified instrumentation. Since their primary interegty 
are usually not in instrumentation, they are either in | 
capable or extremely inefficient in their approach to go). 
tion of their problem. They would, ideally, like to pur 
chase a solution to their problem. 


' 
My final thought concerns the fierce struggle ip the 
world today to capture the minds of men. The world, | 
divided into two economic and political camps. Our hops | 
for survival and our ultimate hope for success in establig, | 
ing our concepts of individual dignity and opportunity, } | 
chiefly in our prosperity and example. This requires th 
we have more better-trained engineers to conceive ay 
design more machines which incorporate the latest produg | 
of instrument technology. It requires that we establish; 
supply of highly skilled technicians to operate and maj | 
tain this equipment. It requires that we continually » | 
grade existing personnel to enable them to take advantag 
of, and keep pace with, instrument technology. Russia # 
turning out perhaps as many as 60,000 trained technician 
a year, and between 40,000 and 50,000 engineers a year, h 
contrast, we may graduate this year 1,000 to 2,000 tec 
nicians and 20,000 to 25,000 engineers. 
As businessmen experienced in the management of tech 
nical operations, I leave it to you—what are the inevitabk 
technological results to be anticipz.ted? 


{ 


Results of This First Meeting 


At the conclusion of Dr. Jeffries’ opening remarks M. 
Rex Bristol, vice president and treasurer of the Foxbon 
Company, was elected Chairman of the Commission. 


Then followed much discussion concerning the objective 
and plans for the commission. In the deliberations ther 
was considerable sentiment expressed in favor of establish 
ing some type of permanent ISA planning and coordinative 
group which would serve as a catalytic agent in bringing 
together those who have problems and the means for effet 
ing solution to these problems. It was recognized that the 
ISA cannot possibly finance all the activities which migh 
desirably be undertaken with respect to instrumentatia 
education and research. It appeared, however, from tt 
initial considerations of the Commission, that the ISA coull 
function very effectively as the stimulant and mechanis® 
for channeling the efforts of several groups toward th 
common goals of affording increased educational opportuni 
ties for individuals at all levels, improved communicati@ 
and translation of technical knowledge into forms practic 
for assimilation and utilization in the working world ¥ 
working people, and an increasing attention to research 
development of improved instruments, instrument tech 
niques, and practices. 


Under Mr. Bristol’s direction the Commission will arrit 
at conclusions and recommendations with respect to: 


(a) what specific activities in Instrumentation Education and 

search the Society should undertake, and in what order. 

(b) how these activities shall be organized and administered, and 

(c) how these activities shall be financed. 

It is anticipated that the Commission will submit ® 
report to the Executive Board by June 1st. The worké 
this Commission will undoubtedly have a direct bearing ® 
the value of the ISA to everyone of its members and i 
many supporters and friends in the years to come. Th 
ISA Journal will carry a complete coverage of the 
and recommendations of this Development Commission. 
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President’s Mid-Winter 
Conference Launches 
Education Foundation 


President and Mrs. Robert T. Sheen 
were hosts to a large gathering of ISA 
national committee members and their 
wives for a three-day conference in St. 
Petersburg, Fla., February 27-29. 

The Executive Board, Society Struc- 
ture and Planning Committee, and the 
newly-formed Commission for Instru- 
ment Education and Research all met. 
The Mayor and Chamber of Commerce 
of St. Petersburg joined with the 
Sheens in welcoming ISA both official- 
ly and socially. 

SSéP, chaired by Phil Sprague, 
held a constructive all-day session on 
Monday. They finalized their recom- 
mendations on the new _ divisional 
structure of the Society whereby mem- 
bers’ technical interests might be 
served more intensively. They also 
formulated the manual for Student 
Sections, the organization of which 
were authorized in November, 1955. 

The Finance Committee met with 
Chairman Howard Hudson and re- 
viewed past fiscal operations. The 
1957 budget was developed and a sub- 
committee was appointed to consider a 
more lucrative investment policy for 
the Society’s reserve funds. 


Executive Board Meets 


The Executive Board had its usual 
crowded agenda. It approved policies 
on inter-society relations with respect 
to cooperation and cosponsorship in 
ISA and other conferences. The 
Board also approved the petitions for 
two new Sections and authorized op- 
eration of the Executive Committee of 
the Board. 

The Board also heard reports of each 
officer and discussed their recommen- 
dations for improvement in activities 
and services. 
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ATTENDEES AT PRESIDENT'S Mid-Winter Conference in St. Petersburg, Fla., last month are (front row, 
left to right): Dean Joseph Weil, Edward J. Alberts, Prof. Earl Serfass, Dr. Robert J. Jeffries, President 
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Sheen, Thomas Roy Jones, William A. Wildhack, Albert F. Sperry; (second row, left to right): William 
H. Kushnick, Richard N. Pond, N. B. Nichols, W. G. Brombacher, A. A. Anderson, Ralph Munch, Rex 
Bristol, George R. Feeley, Hugh Colvin, William Barbarowicz; (third row, left to right): Warren Brand, 
J. T. Volibrecht, J. Ward Percy, Phil Sprague, Jr., W. H. Fortney, Howard Hudson, Barton Jones, N. L. 


Isenhour, Tom Waldrop, Cletus Roberson, R. D. Wood; (back row, left to right): 


Chester S. Beard, 


Nelson Gildersleeve, N. T. Hager, John Koch, B. P. McKay and N. Clark. 


Probably the meeting of most sig- 
nificance was that of the Commission 
to develop an Education and Research 
Foundation, chaired by Dr. Robert 
Jeffries. On page 139 in this issue ap- 
pears Dr. Jeffries’ opening discussion. 
The Commission agreed that the needs 
were imperative and such a Founda- 
tion would greatly serve the members, 
the industry and the nation as a 
whole. Rex Bristol was selected as 
permanent Chairman of the Develop- 
ment Commission. His aim is to crys- 
tallize the organization of the Foun- 
dation in time for the Executive Board 
to propose it at the ISA Council meet- 
ings in September. 

All committees met for luncheon on 
Tuesday to hear an address by Dean 
Joseph Weil, of the University of 
Florida. His discerning comments on 
the need for technical and engineering 
manpower further strengthened the 
Conference’s feeling that ISA should 
expand its programs for the training 
and education of instrument men. 


Social Activities 


While the men devoted days to meet- 
ings, the ladies enjoyed the unique 
sight-seeing opportunities available in 
the vicinity of St. Petersburg. During 
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the evenings, husbands and wives 
joined in receptions tendered by the 
Sheens and the Chamber of Commerce. 
Monday night nearly 100 guests—ISA 
and local dignitaries — invaded the 
Sheens’ new  fully-automated and 
homey residence on Paradise Island 
for cocktails and buffet supper. 


Tuesday night an equally large 
group were guests of the Chamber of 
Commerce, where among other wel- 
coming addresses, Mayor Sam Johnson 
presented each ISA member and his 
wife with a golden key to the City of 
St. Petersburg. 


Many of those attending agreed the 
local Chamber of Commerce had inten- 
sified their interest in St. Petersburg. 
For those with interest in moving 
plants to the area, the Chamber and 
Eastern Airlines provided an aerial 
sight-seeing trip of the county. The 
local newspapers carried bold face 
headlines about ISA activities each 
day, and filled its front page columns 
with pictures of the ISA groups. 


Those in attendance were: Mr. and Mrs. 
E. Albert Adler, Mr. and Mrs. E. J. Albert, 
Mr. and Mrs. A. A. Anderson, Mr. and Mrs. 
Chester S. Beard, Mr. Warren Brand, Mr. and 
Mrs. Rex Bristol, Mr. and Mrs. W. G. Brome 
bacher, Mr. and Mrs. Hugh Colvin, Mr. J. A. 
Clark, Mr. and Mrs. George Feeley, Mr. and 
Mrs. W. H. Fortney, Mr. and Mrs. Howard 
Hudson, Mr. and Mrs. N. L. Isenhour, Dr. 
Robert J. Jeffries, Mr. and Mrs. Barton Jones, 
Mr. and Mrs. T. R. Jones, Mr. and Mrs. John 
C. Koch, Mr. Chalmer Jones, Mr. and Mrs. W. 
J. Kushnick, Mr. B. P. McKey, Mr. and Mrs. 
Ralph Munch, Mr. N. B. Nichols, Mr. J. Ward 
Percy, Mr. Richard N. Pond, Mr. and Mrs. 
C. L. Roberson, Prof. and Mrs. Earl J. Serfass, 
Mr. and Mrs. Robert T. Sheen, Mr. and Mrs. 
Albert Sperry, Mr. and Mrs. Phil Sprague, Jr., 
Mr. and Mrs. J. T. Vollbrecht, Mr. Tom Wald- 
rop, Dean and Mrs. Joseph Weil, and Mr. 
William A. Wildhack. 


Others who were invited were these 
members of the Tampa Bay Section: 
Alex Kaiser, William Barbarowicz and 
R. D. Wood. 
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NEW YORK ISA SHO 








LIMAXING OVER A YEAR of prep- 

aration, the most imposing pro- 
duction ever staged by ISA will be 
held the week of September 17-21 in 
New York City. 

Programs designed for top manage- 
ment, engineers and technicians en- 
gaged or interested in any phase of the 
instrument, automation and automatic 
control fields will be featured at ISA’s 
llth Annual Instrument-Automation 
Conference and Exhibit. 


Technical Programs Geared to Expanding Needs 


of Management, Engineers and Technicians 


Persons attending this New York 
Show will have an opportunity to 
view, discuss, and learn, first hand, all 
the latest and important developments 
in this field which is rapidly becoming 
part of our every day life. 

The technical sessions, clinics, sym- 
posia, and exhibit are all geared to 
meet immediate needs of those in the 
field, or in related fields, whether they 
are of an elementary, mediocre or ad- 
vanced level. 

Higher quality technical papers will 
be presented at the technical sessions 
than has been offered at any past ISA 
Show. They will offer information 
concerning design, manufacture, ap- 
plication and operation of instruments 
and automatic controls. Richard N. 
Pond, vice president, technical divi- 
sion, and Phillip Fleming, chairman of 
technical program (D1), are heading 
this aspect of the Show. All activities 
will be held at the New York Coliseum 
and headquarters hotels. 


Earth Satellite Instrumentation 


During the International Geophysi- 
cal Year, 1957-1958, the world’s scien- 
tists will conduct the most comprehen- 
sive study of the earth ever under- 
taken. Intensive investigations will 
be carried on throughout the world in 
meteorology, rocket exploration of the 
upper atmosphere, latitude and longi- 
tude determinations, geomagnetism, 
gravity measurements, ionospheric 
physics, aurora and airglow, solar ac- 
tivity, cosmic rays, oceanography, and 
seismology. Over 40 countries will 
jointly participate. 

In conjunction with this program, 
the opening session of the Show will 
feature a series of papers concerning 
instrumentation of the earth satellite 
and the IGY. Three sessions on this 
subject will be sponsored cooperatively 
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by ISA, the American Rocket Society, 
and the U. S. National Committee on 
the IGY. 

Prominent leaders in the IGY pro- 
gram will give presentations of gen- 
eral interest at the Monday morning 
session. The Monday afternoon period 
will be concerned with specific aspects 
of instrumentation in the earth satel- 
lite. Tuesday’s meeting will be a sum- 
mary of instrumentation problems re- 
lated with the over-all IGY. 


William A. Wildhack, a past presi- 
dent of ISA and Chairman of the IGY 
Data Reduction Committee, is coordi- 
nator for the sessions. Hugh Odishaw, 
executive secretary for IGY, Homer 
Ewell, of the Satellite Panel, and J. J. 
Hartford, executive secretary of the 
American Rocket Society, are repre- 
senting their organizations for the 
sessions. 


Technical Sessions 


The variety of subjects and high 
quality of technical papers scheduled 
for the Show demand the attention of 
everyone in the field of instrumenta- 
tion and automatic control. 

Papers presented will cover such 
subjects as production processing, 
measurement, testing, control, com- 
puting, analysis, inspection and gaging, 
telemetering, materials handling, re- 
search, systems engineering, data 
handling and automation management. 

These technical sessions will present 
typical types of instruments and sys- 
tems for every application ranging 
from atomic reactors to sanitation and 
soap processing. 


Data Handling Workshop 


Because the Data Handling Work- 
shop was one of the most stimulating 
and best attended events of last year’s 
Show, one-and-a-half days have been 
alloted for the New York periods. 

Donald B. Prell, of Benson-Lehner 
Corp., is Chairman of this Workshop 
which will include a dynamic ex- 
change of information for those in- 
volved in data handling problems. 


Instruments Maintenance Clinic 


Designed primarily for operating, 
maintenance and apprentice personnel, 
the Instruments Maintenance Clinic 


COLISEUM-SEPTEMBER 17.21, 
LARGEST IN ISA HISTORY — 


will cover all phases of mainte 
and trouble shooting of process oo 
trol instruments. E. M. Feeley, y 
Trinity Equipment Co., Wilmingty, 
Del., is Chairman. 


Computer Symposium 


The Computer Symposium, Preseni. 
ing a review of industrial compute 
and their role in process control, 
gineering calculations, data reduction 
and other applications, has been geheg. 
uled for Thursday at the Coliseum, 

Robert W. McLeod, of the By 
roughs Corp., is Chairman of thy 
Clinic directed toward top Manage 
ment. Computing machines, comp 
nents, application to process control, 
integration of system and control 
spheres of applications, and the ant 
matic factory are part of the planng 
program. 


Analytical Instruments Clinic 


The latest advances in theory, & 
sign and application of analytical ip 
struments will highlight the Analyt 
cal Instruments Clinic. T. R. Vick 
Roy, of E. I. du Pont de Nemours ¢ 
Co., is Chairman. Sessions on af 
pollution, X-ray methods, optical meth 
ods and new techniques are tents 
tively scheduled. 


Exhibit 

Running concurrently with the ses 
sions, meetings, clinics, and other Cor 
ference activities will be the exhibit 
of more than 500 leading equipment 
manufacturers. Featured in the dis 
plays, which are a “must” for every 
one to see, will be electronic com 
puters, logging, scanning, and othe 
recording devices, plus controls ani 
instrument systems. 

Engineering schools will display 
projects for applying measurement and 
control instruments to scientific ani 
technological research. 


‘Pioneering in Instrumentation 


In an effort to promote new ideas 
and inventions, ISA has initiated # 
contest entitled “Pioneering in Instrt 
mentation” as part of the Show. 0b 
ject of the contest is to make knowl 
the needs of users and stimulate it 
provement of commercially available 
products. Division of competition into 
four general classifications 
awards for winners in both user ald 
inventor categories is planned. 


Society Activities 

A wide array of committee meeting 
Executive Board meetings, Employ 
ment Service, ladies activities, the AF 
nual Banquet and many more evells 
of both a social and business nature 
will round out Society activities # 
the Show. 
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FyecDirector's Diary | 








Thought my readers this time would 
like some news items of our general 
es exhibit space for our New 
York Show is running ahead of Los 
Angeles and Philadelphia, which prev- 
jously had been our largest exhibit. 
From all indications it appears to be a 
sellout with an attendance of about 
a activities will include 
our traditional sessions, clinics, sym- 
posia and workshops. New features 
will be an opening general session on 
the earth-circling satellite to be 
launched by the U. S. in 1957 as part 
of the International Geophysical Year. 
The number of sessions in 56 will 
preak all former records and the sub- 
ject matter as well as the quality of 
papers and discussions give promise of 
a record attendance. 

This year we hope to have Proceed- 
ings of the Conference available for 
distribution to registrants. No pre- 
prints will be made up. 

If you have practical ideas on new 
instruments you will be able to win a 
prize in the unique contest ISA is con- 


ducting. Last month’s ISA Journal 
carried the story. 
The headquarters hotels for the 


week-long event are the Statler and 
New Yorker. Our Conference activities 
will be staged at the Coliseum and the 
Statler. 

The social activities for the week 
are equally ambitious. The Ladies’ 
Committee have a full program out- 
lined. The Annual Banquet, the 
President’s Reception, Plant Tours, 
Section Officers Luncheon and meet- 
ings of the Council, Executive Board 
and National Committees will keep 
members busy for the entire week. 
Incidently, firm up your plans to be 
in New York City, September 17-21. 

As you can see from this issue, the 
ISA Journal advertising is increasing 
with the upsurge in our circulation, 
and in the appreciation by readers and 
advertisers that our magazine is THE 
instrument journal. 

The Executive Board authorized a 
new free service to Sections in han- 
dling the proceedings of their big con- 
ferences. We have now published the 
Proceedings and distributed them to 
registrants for both the Philadelphia 
and New York Section Conferences. 

Special flash—on May 1 the National 
Offices will move to larger and better 
quarters in Pittsburgh. We will be 


right in the heart of the city, close 
to the hotels and railroad station. 
Plan now to visit us at 313 Sixth Ave., 
Granite Building. We will be delighted 
to weleome you. 
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Symposium for Flight 
Test Instrumentation 


The Second National, Symposium on 
Flight Test Instrumentation, spon- 
sored by the North Texas Section 
and the D-14 Sub-Committee, will be 
held at the Hotel Texas, Fort Worth, 
Tex., May 6-9. Registration will be 
held Sunday, May 6, at the hotel. Bell 
Aircraft, Chance Vought Aircraft, 
Convair and Temeco Aircraft are co- 
sponsoring the three-day event. 


National President Robert T. Sheen 
will address the opening session of the 
Symposium on Monday morning. Pro- 
gram for the annual event is: 


Monday morning—Panel Session 
Telemetering in-Flight Monitoring, Chairman: 
B. E. Oldfield, Edwards AFB 


Monday afternoon—Workshops 
Instrumentation for the Future, Chairman: E. 
C. Buckley, NACA—Air Load, Chairman; Dr. 
Ralph Tripp, Edwards AFB—Gyros, Chairman : 
A. > Plautz, Douglas Aircraft Corp. — 
Temperature Measurements, Chairman: Floyd 
Bryan, Douglas Aircraft Corp. 


Monday evening—tour of Convair plant 


Tuesday morning—Panel Session 
Magnetic Tape Recording, Chairman: 
John Magida, Edwards AFB 

Tuesday afternoon—Workshops 
Strain Gages, Chairman: Jack Stotz, Grumman 
Aircraft; Data Reduction and Editing, Chair- 
man: J. Montgomery, Boeing Airplane Co.; 
Explosive Gas Analysis, Chairman: Gail Lit- 
ton, Chance-Vought Aircraft; Timing Systems, 
Chairman: M. S. Friedland, Reeves Instru- 
ment Corp.; Calibration Techniques, Chairman 
to be announced. 


Tuesday evening—Banquet with Maj. Gen. 
Albert Boyd and Lt. Col. P. Everest as speak- 
ers. 


Wednesday morning—Panel Session 
In-Flight Thrust and Drag, Chairman: Dr. 
Ralph Tripp, Grumman Aircraft 

Wednesday afternoon—Workshops 
Engine Instrumentation, Chairman: Charles 
Schumate, General Electric; Oscillographs, 
Chairman: A. P. Snyder, Boeing Airplane 
Co.; Camera Techniques, Chairman: Eugene 
Eicholtz, Convair; Helicopter Instrumentation, 
Chairman: Joseph Foti, Bell Aircraft Corp. ; 
Management, Chairman: B. E. Oldfield, Ed- 
wards AFB 


Wednesday evening—Tour of Chance Vought 
Aircraft Plant 


For more information contact W. J. 
Gabriel, Dept. 6-7, Convair, Fort 
Worth, Tex. 


Capt. 


Automatic Control Papers 
Needed for 1956 Meeting 


The Automatic Control Sub-Commit- 
tee of the Analysis Instrumentation 
Committee is seeking contributions for 
one or possibly two technical sessions 
at the 11th Annual Instrument-Auto- 
mation Conference and Exhibit in New 
York, Sept. 17-21. 


A comprehensive list of topics have 
been compiled and prospective authors 
are invited to contact any of the fol- 
lowing members of the Review Com- 
mittee: R. P. Bigliano, du Pont Ex- 
perimental Station, Wilmington, Del.; 
A. R. Aikman, Schlumberger Instru- 
ment Co., Old Quarry Rd., Ridgefield, 
Conn.; D. E. Berger, Phillips Pe- 
troleum Co., 117 N. Johnstone, Bartles- 
ville, Okla.; or J. F. Bishop, Beckman 
Instruments, Inc., Fullerton, Calif. 


FUTURE ISA MEETINGS 


April 25, 1956 


Symposium on “Control Systems Engineering— 
Electronic Controls in Industry,”’ sponsored by 
the Wilmington Section. For further informa- 
tion contact W. G. Schmick, Minneapolis- 
Honeywell Regulator Co., 838 Union St., 
Wilmington, Del. 


April 26-27, 1956 


Technical Conference on Electrical Recording 
and Controlling Instruments sponsored by 
AIEE. ASME and ISA cooperating. Will be 
held at the Hotel Bradford, Boston, Mass. For 
information contact E. T. Davis, Leeds & 
Northrup Co., 4901 Stenton Ave., Philadelphia, 
Pa. 


May 6-9, 1956 


Second National Symposium on Flight Test 
Instrumentation sponsored by the North Texas 
Section and the Flight Test Instrumentation 
ee will be held at Fort Worth, 
exas. 


August 21-22, 1956 

Nationa] Telemetering Conference sponsored 
by ISA, IRE, ATEE and IAS, to be held at 
the Biltmore Hotel, Los Angeles, Calif. Con- 
tact Richard Wendt, 124 Dauntless Dr., Pitts- 
burgh 33, Pa. 


September 17-21, 1956 


llth Annual ISA Instrument-Automation Con- 
ference and Exhibit to be held at New York 
Coliseum, New York For further in- 
formation contact Executive Director William 
H. Kushnick, ISA, 1319 Allegheny Ave., Pitts- 
burgh 33, Pa., or Fred J. Tabery, Exhibit 
Manager, 250 W. 57th St., New York, N. Y. 





Sections Receive Charters 
While Another Petitions 


Idaho Falls and Lehigh Valley have 
been added to ISA’s continuously 
growing roster of local Sections. Char- 
ters for the two new Sections were 
granted in February during the Ex- 
ecutive Board’s meeting in St. Peters- 
burg, Fla. With these grants the num- 
ber of Sections totals 84. 

Officers of the Idaho Falls Section 
are: Jack Meyer, President; K. J. 
Moriarty, Secretary; and D. E. Ever- 
ingham, Treasurer. Officers of the 
Lehigh Valley Section, located in 
Bethlehem, Pa., are: Frank Kreith, 
President; Robert H. C. Kunkle, Sec- 
retary; and Bernard J. Eisenkraft, 
Treasurer. 


The Idaho Falls Section is comprised 
of 29 full members, four associate 
members and nine transfers, bringing 
the number of charter members to 42. 
The Lehigh Valley Section has 25 full 
members, three associates and nine 
transfers for a total of 37. 

The Missouri Valley Section, located 
in Omaha, Neb., has formed with 41 
members and petitioned for a charter 
which will lift the total to 85. 

Officers of the Missouri Valley Sec- 
tion are: Alan Blotcky, President; H. 
Klug, Secretary; and R. Plumb, 
Treasurer. 
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Continued from March Roster 


PITTSBURGH 
Richard 0. Bottomley, Westinghouse Air 


Brake Co. 
Lawrence J. Mobilia, U. S. Steel Corp. Re- 
search Lab. 
RICHLAND 
Donald R. McRae, Genera! Electric Co. 


ROCHESTER 

David L. Savage, Eastman Kodak Co. 
SAVANNAH RIVER 

Raymond W. Phillips, E. I. duPont de Nem- 


ours & Co. 
ST. LOUIS 
Kenneth L. Butler, Procter & Gamble Mfg. 


Co. 
oe Clodfelter, Jr., Union Electric Co. 
of Mo. 
John J. Ford, Olin Mathieson Chemical Corp. 
Blaine A. Ulmer, Patton Equipment Co., Inc. 
SCIOTO VALLEY 
oseph W. Hubbard, Goodyear Atomic Corp. 
SOUTH TEXAS 
Herbert F. Goodenough, Smith, Goodenough 
and Co. 
James H. Beam, Western Natural Gas Co. 
TOLEDO 
John P. Combs, Standard Oil Co. of Ohio 
Raymond P. Fountain, Republic Steel Corp. 
Jerome F. Janiszewski, Republic Steel Corp. 
Robert H. Madison, Standard Oil Co. of Ohio 
TORONTO 
Francis J. Butler, Provincial Institute of 
Trades 
Edmund Ciepiela, Provincial Institute of 


Trades 
Randal] J. Dennie, Provincial Institute of 


Endo, Provincial Institute of 
es 
Douglas J. Ferguson, Provincial Institute of 
Trades 
Larry Harper, Ryerson Institute of Tech- 
nology 
Hugh Lennon, Wayne Forge & Machine Co., 
Lt 


Thomas A. Lisle, Provincia] Institute of 


Charles J. Manning, Provincial Institute of 
Trades 
Lowell Ostrom, Provincial Institute of Trades 
Nicholas Rvachew, Provincial Institute of 
Trades 
Joe S. Toyama, Provincial Institute of Trades 
TWIN CITIES 
Hoyt A. Sevey, Hoyt A. Sevey Co. 
Frank D. Werner, University of Minnesota 
WAYNE COUNTY 
Chalmers Ayers, Du Bois Webb Co. 
8S. G. Ekman, Ekman & Son Tool Co. 
WICHITA 
Harry C. Brown, Frontier Chemical Co. 
Lawrence R. Thielen, Ampex Corp. 
MEMBERS AT LARGE 
George B. Adam, Abitibi Power & Paper Co. 
Robert Black, Bethlehem Steel Co. 
Eugene M. Brubaker, Bethlehem Steel Co. 
V. Russel Burkhart, Pa. Power & Light Co. 
Alan C. Chamberlin, Bethlehem Steel Co. 
William G. Ender, Bethlehem Steel Co. 
William A. Gregory, Energy Control Corp. 
Harold S. Henry, National Portland Cement 
Co 


William E. Hoff, Ingersoll Rand Co. 

Joseph L. Koch, Bethlehem Steel Co. 

Vincent J. Koprivsek, Bethlehem Steel Co. 

Edward J. Pasch, Celanese Corp. of America 

Earl J. Serfass, Lehigh University 

Harold G. Siegfried, Bethlehem Steel Co. 

Walter A. Sprague, Penna. Power & Lite Co. 

Curtis A. Zimmerman, Fuller Co. 

Robert R. Waroway, Western Canada Brew- 
eries 

Jay C. Wayne, U. S. Air Force 

Benjamin R. Williams, U. S. Navy 

FOREIGN 

Saurendra Nath Ghosh, Tata Iron & Steel 
Co. Ltd. 
Jamesedpur, Bihar, India 

Vichai Visanuvimol, Siam Cement Co., Ltd. 
Bangkok, Thailand 


April Roster 
ALBUQUERQUE 
Loren B. Converse, Sandia Corp. 
ASHTABULA 


—— Caylor, General Tire & Rubber 


Howard Eddy, Kaighan & Hughes 
Harold E. Johnson, C.E.I. 
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Richard Kallay, Industrial Rayon Corp. 
John A. Rintamaa, Lake Shore Pipeline Co. 
BALTIMORE 
G. C. Carroll, Olin Mathieson Chemical Corp. 
BOSTON 
Samuel E. Abbott, Raytheon Mfg. Co. 
William J. Bowman, Badger Mfg. Co. 
Aaron L. Brody, Massachusetts Institute of 
Technology 
Robert M. Foulkrod, Sanders Associates, Inc. 
H. B. Hills, Alden Electronic & Impulse Re- 
cording Equipment Co. 
James Hilton, Jr., New Bedford Rayon Co. 
Edwin E. Parker, General Electric Co. 
John E. Warren, Monsanto Chemical Co. 
Morris Wuerpel, Mackenzie Walton Co. 
CENTRAL NEW YORK 
Michael N. Francher, Minneapolis-Honeywell 


Reg. Co. 
Leopoldo A. Micco, Ansco 
Ned C. Whitten, Allied Chemical & Dye 
Corp. 
CHARLESTON 
James K. Howery, E. I. du Pont de Nemours 
& Co. 
CHICAGO 
Willard F. Bartels, Montorola 
Willard F. Bartels, Motorola 


CHATTANOOGA 
Hugh D. Causby, Southern Chemical Cotton 


Co. 
Donald B. Nelson, Tennessee Valley Au- 
thority 
CLEVELAND 
Joe A. Hays, Bailey Meter Co. 
Donald E. Pierce, Brush Electronics Co. 
Wendell Young, H. K. Ferguson Co. 
COLUMBUS 
William F. Short, Kaiser Aluminum & 
Chemical Co. 
Chris Tolliver, Kaiser Aluminum & Chemi- 


cal Co. 
CONNECTICUT VALLEY 

Michael Bunko, Pratt & Whitney Aircraft 
Div. 

Francis J. Fennessy, Pratt & Whitney Air- 
eraft Div. 

Edward F. Geetersoh, Jr., Pratt & Whit- 
ney Aircraft Div. 

John M. Lynch, Pratt & Whitney Aircraft 


Div. 

William McDonald, Pratt & Whitney Air- 
craft Div. 

Bruce E. Miller, Pratt & Whitney Aircraft 
Div. 

Theodore Paquin, Pratt & Whitney Aircraft 
Div. 


Alan P. Vlasecchi, Control Products 
CUMBERLAND 
Raymond Bampton, Ceianese Corp. of 
America 
Paul W. Dom, Celanese Corp. of America 
DENVER 
George L. Jandreau, Adolph Coors Co. 
John P. Holland, U. S. Army Chemical Corp. 
EASTERN NEW YORK 
Harry J. Tegler, Genera] Electric Co. 
FAIRFIELD COUNTY 
John W. Berry, American Cyanamid Co. 
— De Salvatore, Energy Control Co. 
ne. 
Lawrence T. Garnett, Manning, Maxwell & 
Moore, Inc. 
Sam S. Impiombato, Perkin-Elmer Corp. 
Robert S. Moore, Perkin-Elmer Corp. 
FOX RIVER VALLEY 
Martin Van Hout, The Foxboro Co. 
HOUSTON 
Roy C. Jorgensen, Dow Chemical Co. 
Herman T. Vardeman, Southland 
Mills Inc. 
Joseph W. Vargo, Dow Chemical Co. 
IDAHO FALLS 
Cyril L. Adkins, High School & Television 
Kid TV 
Donald M. Barrus, Phillips Petroleum Co. 
Erwin H. Breuer, Phillips Petroleum Co. 
William W. Carlile, Phillips Petroleum Co. 
Don E. Everingham, Phillips Petroleum Co. 
Neil Christensen Farr, Westinghouse Elec- 
tric Corp. 
Ralph E. Fearnow, Phillips Petroleum Co. 
Kenneth E. Fields, Fischer & Porter Co. 
Donald L. Francis, General Electric Co. 
Dale E. Hafer, Phillips Petroleum Co. 
John R. Hall, Westinghouse Electric Corp. 
Allan Hansen, Phillips Petroleum Co. 
LaMar J. Hansen, Phillips Petroleum Co. 
Billy J. Hoover, Genera] Electric Co. 
Harry W. Kerlin, Phillips Petroleum Co. 
Robert M. Kinkaid, General Electric Co. 
Robert M. Krueger, Phillips Petroleum Co. 


Paper 








Calvin E. Larsen, Phillips Petro Ras 
Joseph C. McPhie, Kaiser Secheaill 
Stan L. Montanye, Montanye Eng 
7 Sales . : 
mery L. Morris, Phillips Pet: 
R. G. Petersen, Phillips Petrol 
James L. Peterson, Westinghouse 
Corp. 
Lewis W. Scarbrough, Phillips Pet; 
William D. Shadduck, General EF 
George E. Stone, Westinghouse Electr 
Carl R. Suter, Phillips Petroleum Co, 
Don N. Todd, Phillips Petroleum Go, 
Charles W. Wilkinson, Westinghouse 
tric Corp. 
A. A. Simmons, Westinghouse Electric| 
Lloyd A. Smith, Westinghouse Electric 
oe E. Sorenson, Westinghouse Bj 
orp. 
Robert W. Withrow, Phillips Pe 
INDIANAPOLIS 
Ralph B. Barnes, Barnes Enginee 
J. M. PERRY INSTITUTE (Student Section) 
Robert N. Becker 
Jack G. William 
Clarence G. Wood 
LEHIGH VALLEY 
Ralph E. Bender, The Patterson-Kelley § 
Ray L. Clause, Bethlehem Steel Corp, 
Kemal K. Feridun, Lafayette College 
Roland Frace, The Patterson-Kelley Co, 
Henry R. Kimmel, P.P.& L. Co. 
James B. Kitzhoffer, Bethlehem Steel (, 
William G. McLean, Lafayette College 
Merlin E. Steed, C. K. Williams & Co, 
James A. Thompson, C. K. Williams & & 
LOS ANGELES 
Donald K. Allison, Donald K. Allison & 
Jack S. Anderson, Century Engineers, In 
Henry Ball, National Broadcasting Co. 
Stuart H. Betsinger, Potter Aeronautical & 
T. H. Garner, T. H. Garner Co. 
Kenneth G. Halvorsen, Beckman Instrument, 
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Inc. 
David C. Honey, Riverside Cement Co. 
Donald A. Leggett, H. J. Randolph Co. 
Charles E. Pettingall, Jr., Douglas Airenf 


Co. 
Dr. Kenneth A. Smith, Physicist 
Lewis Stat, Research Development Manulm 
ture Inc. 
V. J. Stephenson, Jeb Industries 
James A. Strom, Dames & Moore 
MEMPHIS 
Charles W. Dean, C. W. Dean & Associate 
James M. Holloway, Kimberly-Clark Cor. 
Norman E. Picquet, Grace Chemical Co 
Robert P. Smith, Quaker Oats Chemical & 
MILWAUKEE 
Robert W. Bertha, Telemonitor Co. 
MOJAVE 
Edward M. Clarke, Applied Science Corp 
MONTREAL 
Stuart M. Chapman, Pulp & Paper Researt 
Institute of Canada 
Hans H. Petzoldt, Peacock Brothers, Lit 
NEW JERSEY 
John J. Bauerlin, E. I. du Pont de Nemow tre 
& Co. sti 
Herman Bruder, Hergus Recorder Service br 
Thomas H. Calabrese, Worthington Cor r 
Lawrence R. Keenen, Jr., Metrotype Com) ty! 
Charles W. Worley, Electronic Associalé th 


Inc. 

NEW ORLEANS 00) 
Simson J. Dantin, American Cyanamid 0 | 
John C. Desdions, Godchaux Sugar Ref. 
Paul D. McCauley, American Cyanamid for 
J. J. Terjak, American Sugar Ref. Co. Le 

NEW YORK 
Alfred W. Bailey, Kieley & Mueller, Inc ler 
William J. Burns, Long Island Lighting@) yp, 
Jerome Moonelis, Norden-Ketay Corp. 
Cecil C. Pine, Sperry Gyroscope Co. 
Robert C. Saunders, Jr., Benson-Lehie 


Corp. 

NORTHEAST TENNESSEE te 
Barney H. Jorgenson, Tennessee Eastmat 
Chas. H. Smallwood, Jr., Tennessee Eas 

man Co. 
Michael N. Walker, The Foxboro Co. 

NORTHERN CALIFORNIA 
Richard C. Butler, Kaiser Engineers 

NORTHERN INDIANA p 
William G. Coffey, Minneapolis-Honey™ 

Reg. Co. te 
William J. Hammond, Claud S. Gordon 
NORTH TEXAS Re 
Frank A. Day, Minneapolis-Honeywell 
Co. 
Douglas T. Stone, Kinetro! Co. 
To Be Continued In May 
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CINCINNATI SECTION President William Kalbach traces elec- 
trical tie-ins at the Walter C. Beckjord Power Station while 


Section members look on. 
the plant by the Section. 


for both are 1050°. 


with only eight men per shift. 


as well as power routing systems. 


Columbus Section Sponsors 
Instrumentation Course 


The Columbus. Section recently 
staged a special instrumentation 
course for both members and non- 
members. The classes, held at the 
Battelle Memorial Institute in Jan- 
uary, February and March, were de- 
signed to give those attending a basic 
knowledge of widely diversified types 
of instrumentation. 

Keynote of the course was elec- 
tronics. Some topics covered included 
stress and strain measurement, 
bridges, primary elements, vacuum 
tubes, amplifiers and a summary of 
the amplifiers in relation to process 
control. 

Members of the Committee who 
formulated this course are Kenneth 


lea, Orval L. Linebrink, John Mal- 
lernee and W. C. Tretheway.—U. E. 
Whiteis. 


CTION NEWS 


The occasion was a recent tour of 
This station operates with two 100,- 
000 kw generators using steam at 1500 psi and one 150,000 
kw generator using steam at 1800 psi. Operating temperatures 
It burns 2800 tons of coal a day. The 
full use of automatic controls enables the station to operate 
President Kalbach is tracing 
tie-ins relating his suburb to the power station on a distribu- 
tion map. Control panels for boilers were described and shown, 


Standing 


e Halsey A. Frederick, Jr., district 
manager of the Leslie Co., Lyndhurst, 
N. J., spoke on regulators and air op- 
erated control valves at the February 
meeting of the Cumberland Section. 
He discussed their principles and ap- 
plications. 


e Newly-elected officers of the Boston 
Section are: Owen C. Jones, Presi- 
dent; Nathaniel B. Nichols, Vice 
President; Daniel Ziedelis, Treasurer; 
William J. L. Kennedy, Secretary; and 
George W. Engler, National Delegate. 


e New officers of the Ashtabula Sec- 
tion are: Norman Gram, President; 
Jerry Nappi, Treasurer and George 
Guscott, Secretary. J. T. Goodwin is 
National Delegate and Donald Frink 
is Alternate Delegate. The’ vice 
presidency is open due to E. Gardner’s 
resignation. 





NEW OFFICERS of the Charleston 
Section (left to right) are: F. R. Gil- 
mer, National Delegate; R. G. McCoy, 
Vice President: A. H. Hix, President: 
. A. Cunningham, Treasurer; P. W. 
Richards, Secretary; and C. Williams, 
Executive Council Member. 





—_——— 





April 1956 


Membership; A. A. Anderson, 
(left to right) are: 
Regional Membership Director; K. J. Moriarity, Secretary; E. P. 
Townsend, Membership; R. C. 
Campbell, Membership; D. M. Barrus, Membership; and H. W. 
Kerlin, Membership. 








RECENT ORGANIZATION meeting of the Idaho Falls Section 
attracted these ISA enthusiasts who helped form the new Section 
which was granted a Charter February 29. Members from other 
Sections as well as national officers helped in the organization. 
Seated (left to right) are: Eugene Pettler, Seattle Section; D. E. 
Everingham, Treasurer; Jack Meyer, Chairman; C. R. Suter, 


ISA National Vice President. 
D. J. Pompeo, ISA Northwest 


Mann, Seattle Section; J. S. 


e Robert G. Logan, district sales 
manager for communications equip- 
ment, General Electric Co., was guest 
speaker at the February meeting of 
the Washington Section. He discussed 
the radio tone modulation system de- 
veloped by GE for application to 
traffic control systems and other uses 
where remote switching and adjust- 
ment operations are required. 


e L. R. Zeeb, assistant technical di- 
rector, National Spectrographic Lab- 
oratories, Inc., spoke on “Excitation 
and Sources for Emission Spectro- 
chemical Analysis” at the February 
meeting of the Paducah Section. 


e New officers of the Permian Basin 
Section are: L. E. Reynolds, Presi- 
dent; R. L. Geer, Vice President; John 
Huskinson, Secretary-Treasurer; and 
J. M. LeBeaux, Program Chairman. 


(Continued on Page 148) 
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TWO SPEAKERS highlighted the Febru. 
ary meeting of the Richland Section with 
talks on flight test instrumentation. C. F. 
Blakely (second from right) and A. 
Snyder (far right), both of Boeing Air- 
plane Co., described in detail the prob- 
lem of interpreting readings taken dur- 
ing flight tests. R. J. Willis (far left), 
an instrument specialist for General Elec- 
tric Co., accompanied the speakers to the 
meeting. Section President W. A. 
Richards is in the center. 


e “Factors Effecting the Intrinsic 
Safety of Electrical Devices in Ex- 
plosive Vapors” was the theme of a 
talk by L. E. Cuckler, manager of 
the Engineering Dept., Fielden In- 
strument Division, Robertshaw-Fulton 
Controls Co., at a recent meeting of 
the South Texas Section. 


e Horace P. Fishwick, of Mason-Neil- 
an Regulator Co., spoke on “Practical 
Design Considerations Affecting Paper 
Machine Drying and Drainage Sys- 
tems” at the March meeting of the 
Fox River Valley Section. The speak- 
er illustrated his talk with slides. 


e “Progressive Instrumentation with 
Iron and Steel Background” was the 
subject of a talk by R. S. Day at the 
February meeting of the Kansas City 
Section. Mr. Day is a field engineer 
with Leeds & Northrup Co. A panel 
discussion was _ presented entitled 
“Self-Contained Temperature Regula- 
tors.” 


e The San Diego Section held a joint 
meeting with the local Section of the 
IRE in February at which a panel dis- 
cussion on “Application of Transistors 
vs. Electronic Tubes” was staged. 
Raymond J. Cary, group engineer, 
data and components section of Ryan 
Aeronautical Corp., was moderator. 


e L. R. Thielen, manager of instru- 
mentation sales at the Chicago office 
of the Ampex Corp. presented a dis- 
cussion on magnetic tape recorders at 
the February meeting of the Detroit 
Section. John Harned, of General 
Motors Corporation’s research staff, 
covered theory and applications of 
oscillographic recordings at the March 
meeting. 


148 





Pewoual Yotes 


The most interesting thing to most people — is other people 


The Hammel-Dahl Co., manufactur- 
ers of automatic control equipment, 
announced the appointment of the 
E. B. Miller Co., 
headed by Ever- 
ett B. Miller, a 
member of the 
St. Louis Sec- 
tion, as sales 
represen- 
tatives in that 
area. Mr. Miller 
is well known to 
users of auto- 
matic control 
equipment in 
Chicago, Mil - 
waukee and St. 
Louis, having been associated with 
The Foxboro Co. since 1935 and ac- 
tively engaged in sales and service in 
those areas for 20 years. 





Everett B. Miller 


Minneapolis - Honeywell Regulator 
Co. has appointed Vincent Tassi, a 
member of the New Jersey Section, 
as industrial manager for Hartford, 
Conn. Lyle Russell, field sales man- 
ager for the firm’s Industrial Division, 
made the announcement. Mr. Tassi 
was formerly with the firm’s New 
York sales office. 


e Officers of the Ark-La-Tex Section 
are: H. B. Godwin, President; Lowell 
M. Sikes, Vice President; Harold A. 
Williams, Secretary; and E. E. Webb, 
Treasurer. R. B. Giezentanner, 
George S. Buckner and A. P. Cone 
are Sub-Section Vice Presidents. 


e Adolph Eckman, President of the 
Twin Cities Section, has resigned from 
that post due to a transfer from the 
Minnesota Mining St. Paul plant to 
Wayne, Mich. John R. Riede, former- 
ly Vice President, will fill Mr. Eck- 
man’s presidential duties for the re- 
mainder of his term. 


e “Present and New Applications for 
Computers in Industry” was the title 
of a paper presented at the March 
meeting of the Chicago Section by 
Lester A. Evers of the Commonwealth 
Edison Co. 


Purchase of Heinz Engineering 
Arlington, Va., and appointment 
owner, W. B. Heinz as Chief Ey 
eo om of the 
, " Regulator ~ 
Chicago, y 
announced — 
cently by ag 
pany spok 
man. Mr, 
is a mem 
the Washin 
Section, am 
noted for hi 
vanced 
with co 
sive distill 
instrum 
tation and automatic control, dry 
dust collection and other process 
lems. Acquisition of his firm & 
ferred its systems engineering 
on process problems to Askania, 7 







































Edwin A. Houser, a member of 
Tulsa Section, has joined the app 
tion engineering staff of Beckman) 
struments, 
and has been! 
signed to Wa 
on appli 
dealing 
process md 
toring inst 
ments manu 
tured by 
firm. He 
also work 
sampling sys 
applications 
all Beckma 
process inst 
ments. Mr. Houser was formerly4 
instrument and application engime 
at Phillips Petroleum Co., Bartlesvi 
Okla. 





Edwin A. Houser 


Robert Tobi, a member of the 
Angeles Section and an instructor } 
instrumentation at Harbor Junior U 
lege, has accepted a position with 
Arabian American Oil Co. as a 
tional training analyst. His 
Arabia will consist of working 
liaison man between the instru 
and administrators of the comp 
training program. 
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